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B. CBetnos — reHepanbHbiit KOHCTpyKTop MKB “®aken” 


Vladimir Svetlov, General Designer 


MAWMUHOCTPOUTEJIBHOE KOHCTPYKTOPCKOE BHOPO “®AKEJI” UAMEHV AKAXEMMKA 11.0). TPYLUWHA 
FAKEL ENGINEERING DESIGN BUREAU NAMED AFTER ACADEMICIAN PYOTR D. GRUSHIN 


AWMHOCTpOMTeNbHOe KOHCTpyKTOp- 

ckoe 6opo “Maken” Bowno B ucTO- 

PUlO pakeTHOM TeXHUKM HE TONbKO 

Kak CO3faTeNb NAyYWMX B MUpe 3e- 
HUTHBIX ynpaBnaembIx paket (3YP), KoTO- 
pble nepBbiMM B MUpe YHUYTOKMNK BO3- 
AYWHOFO NpOTMBHMKa B peanbHbIx boeBbIx 
yCNOBMAX, HO M Kak Npeg”npuatue, KoTOpoe 
nepsBbim B Mupe: 

— cO3fano TexHONOrMM Npon3BogcTBa 
3@HUTHbIX yNPaBAeMbIX PakeT, ONMpaBUM- 
ecA Ha UCNONb3OBaHMe Hanbonee OcBOeH- 
HbIX KOHCTPYKUMOHHbIX MaTepManoB uM Ha 
BbICOKONPOU3ZBOAUTeENbHbIE MEeTOAbI MX 
o6pa6orku; 

— BHeEAPMAO B BOUCKa pag yHuduyMpo- 
BaHHbIX OOpa3u0oB pakeTHOrO OpyxKuA, 
UBeHTMYHbIX NO KOHCTpyKUMH; 


Bnagumup Ipuropbesuy Ceetnos 


Pogunca 16 anpena 1935 r. 8 Mockse. 3aKoH4nn MBTY um. Baymana (1958 r.), Anctwtyt yn- 
PaBneHHA HapogHbim xO3AcTBOM Akagemmn HapogHoro xo3aictea CCCP (1981 r.). 

C 1958 r., nocne okoH4aHHA MBTY um. Baymana, paboraet 8 MKB “Maken” 8 pomKHOCTH Mac- 
Tepa, MH)KeHepa, Crapwero wv BeAyujero MH)KEHEPa-KOHCTpyKTOpa , HaYaNbHMKa Lexa, MmaBHO- 
ro WH)KeHepa, MaBHOrO KOHCTpyKTopa. C 1991 r. reHepanbHbid KOHCTpyKTOp — pyKOBOg_MTeNb 
MKB “Maken”. Mocne npeo6pa30sanua npegnpuaATua B OTKPbITOe aKYMOHEPHOe OOwecTBO — 
reHepanbHbid KOHCTpyKTop npeanpuaTua OAD “MawmHoctpomTenbHoe KOHCTpyKTOpcKoe bi0- 


po “Maken” wm. akagemuxa [1.f). Ipywuna”. 


KOHCTpyKTOp pakeTHOM TeXHMKH, yYeHbIH, CneyManucT B OOnacTM MexaHMKH CneynanbHoro 
BoopyxKeHMA. PykOBOAuTeNnb WM YYaCTHMK pa3zpaboTKH w MCNbITaHMA pakeTHbIX KOMNNeKCOB. 
Astop Hay4Hbix Tpyaoe 4 H306peTeHHA no npoGnemam Co3faHuA M COBeEpWeHCTBOBAaHMA pa- 
KeTHOM TEXHMKM, aBTOP MOHOFpaduid MW y4eOHbIx NOCOOMA ANA By30B, 4NeH aBTOPCKOrO KON- 
nekTHBa MW pefakTop yyeOHMKa ANA By30B “MlpoeKTHpoBaHe 3eHMTHbIX yNPaBAAeMbIX paket”, 


BboINYWIEHHOFO ABYMA H3QaHnAMH,. 


floxrop TexHuyeckux Hayk (1995 r.), npocbeccop (2000 r.), naypeat TocyjapctBeHHon npe- 
mun CCCP (1980 r.), focygapctseHHow npemun P® (1997 r.). 


Beegenue 


— NMPeTBOPMAO B KN3Hb KOHWENYMW ra- 
PaHTMpOBaHHOW HapexKHOCTM Np 3KCNAYy- 
aTaymn paker. 

MawmHoctTpoutenbHoe KOHCTpyKTOp- 
ckoe 61po “Maken” (go 1967 r. — Oco6oe 
KOHCTpykTopcKoe 6iopo Ne 2) 6bino co3ga- 
Ho 20 HoA6pa 1953 roga NoctaHosneHnem 
Coseta Muxuctpos CCCP u crano nepsbim B 
Hawew CTpaHe cCneunann3npoBaHHbim 
npegnpuatuem, paspabarTbiBalouMM 3eHMT- 
Hble ynpaBnnembie pakeTbl. C MOMeHTa OC- 
HOBaHMA NpeANpuATHA UB TeYeHue 38 NeT 
MM PYKOBOAMN BbiIfalouMiicA pyccKui MH- 
*KeHep, YYEHbI, aKaMeMUK, OCHOBaTeNb 
WKONbI 3EHUTHOTO pakeTocTpoeHuaA Mertp 
Amutpwesuy [pywun, 4bA ruraHTcKaa no- 
ABYKHUNeCKaA paboTa — Bbifawuyniica 
npumep cnyKeuua Oreyectsy. 





akel Engineering Design Bureau has 

become a part of the missile engi- 

neering history not only due to its 

best in the world AD missiles, which 
were the first to destroy flying targets in 
real combat conditions, but also due to the 
fact that it is the first in the world enter- 
prise to: 

- apply the AD missile production 
technologies using the most popular and 
tested structural materials and highly effi- 
cient methods of their treatment; 

— introduce into service several unified 
types of similarly designed missile 
weapons; 

— put into practice the concept of guar- 
anteed reliability in operation of missiles. 

The Fakel Engineering Design Bureau 


was set up on November 20, 1953, under a 
Decree of the Council of Ministers of the 
USSR and became the first special-purpose 
enterprise in our country dealing with the 
development of AD missiles. Within the 
first 38 years of its existence Fakel was 
headed by Pyotr D. Grushin, an outstand- 
ing engineer, scientist, academician, a 
founder of a school of AD missile engi- 
neering, whose arduous and selfless work 
became a bright example of a man’s 
service to his Motherland. 

P. Grushin formed the collective of the 
enterprise, which in no time became the 
world leader in the development of AD 
missile systems. Nontraditional approach 
to achieving the most complicated R&D 
and engineering tasks, courageous and 


Vladimir Svetlov 


Vladimir G. Svetlov was born on April 16, 1935 in Moscow. He graduated from the Bauman 
Moscow State Technical University (Russian acronym MVTU) in 1958, and from the Institute 
for National Economy Management of the USSR Academy of National Economy, in 1981. 
Upon graduating from the Bauman University in 1958, Vladimir Svetlov worked at the Fakel 
Engineering Design Bureau as a supervisor, engineer, senior and leading design engineer, 
shop manager, chief engineer, chief designer. Since 1991, Vladimir Svetlov has been the 
General Designer and the Head of Fakel. Since the time when the Design Bureau became an 
open joint stock company, Vladimir Svetlov's official title has been General Designer of the 
Fakel Engineering Design Bureau named after Academician Pyotr D. Grushin. 

Vladimir Svetlov is a missile designer and a scientist conducting research in the field of 
mechanics of special weapons. He supervised and personally participated in developing and 
testing several missile systems. Vladimir Svetlov is an author of publications and inventions 
related to the issues of developing and upgrading missiles, an author of monographs and 
textbooks for higher education institutions. 

Professor Vladimir Svetlov is a Doctor of Engineering (1995), a Laureate of the State Prize 
of the USSR (1980) and State Prize of the Russian Federation (1997). 
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Nog pykosogcreom M1.f1. fpywuna Goin 
CPopmMupoBaH KONNeKTMB Npeg”NpuaTua, 
cTapwero B KpaTYavwne CpOKM MMpOBbIM 
JMBepOM B CO3faHMM 3EHUTHOM pakeTHON 
TeXHMKK. HeTpaguuMoHHble nogxopbi K pe- 
anW3zayMn CNOKHEMWUX Hay4YHO-TeXHuY4ec- 
KUX MW KOHCTPYKTOPCKMX 3afa4, CMENOCTb 
OPMrMHaNbHOCTb NPMHMMaeMbIX PeWeHUH, 
O6OCHOBaHHOCTb M NpofyMaHHOCTb Bcex 
3NEMEHTOB PakeT — BOT CTMNb paboTbI CO- 
TpyAHuKos “Makena”. 

Npaktuyecku KakAan W3 pa3spabotaH- 
HbIX 3@HUTHbIX PaKeT ABNANACb 3NOXON B 
Pa3BUTMM M COBEPWEHCTBOBaHMNM 3TOFO Bu- 
fa TEXHUKH, 

Bcero 3a spema CywecTBOBaHuA npep- 
npuatua Ana Bouck npoTuBoBo3AyWwHON 
o6opoubi, CyxonytHbix Bouck wu BoeHHo- 
mopckoro dnota 6bino co3gaHo 23 Tuna 
PakeTHOrO OpyxKWA W NpoBeAeHO cBbIWe 
30-1 ux MogepHH3auni. 

Paketam, CO3qaHHbiM “Makenom”, npu- 
HagexKUT MUpOBOM NpKopuTeT B YHHYTO- 
KEHMM NEPBbIX PeaNbHbIx BOSAYWHbIX NPO- 
TMBHUKOB. Vmu CTann BbICOTHbIN CamoneT- 
pa3Beqynk, COuTbIM 7 oKTAGpA 1959 roga B 
He6e Hag Kutaem, uv nepsan GoeronosKa 
Oannuctuyeckou pakeTbi AanbHero peicr- 
BUA, YHANTOMKeHHAR 4 Mapta 1961 roga. 
[poMKylO W3BECTHOCTb nony4yuno yHUYTO- 
*KeHve pakeToW “Makena” amepuKaHcKoro 
Camoneta-pa3spequnka “Jloxxug” U-2 
(c nunotom Mpaxcucom May3pcom) 1 maa 
1960 roga B patone Ceepanoscka. 

Pa3pa6oTaHHble Ha npegnpuatun 3e- 
HUTHbIe YNPaBAAeMbIe PakeTb! HAXOAMNUCL 
MW HaxOAATCA Ha BOOPyKeHMM 60-TH rocy- 
Aapcts mMupa: Poccuu, Asep6angxana, An- 
6aHuu, Ankupa, Axronbi, Apmexun, Adpra- 
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HucTaHa, Benopyccuu, Bonrapmu, Bocumun u 
fepyerosuubl, Bexrpuu, BeetHama, Tepma- 
Huu, Tpeynn, Ipy3uu, Erunta, 3am6uu, Un- 
auu, Vngoxe3uu, Vopganun, Vpaka, Upa- 
Ha, Wemena, Ka3axctaxa, Kamnyyuu, Kun- 
pa, Kupru3nu, Kutan, KH{IP, Ky6oi, 
Kyseiita, Jlaoca, Slaten, Siveuu, Jiutepi, 
Makegoxuu, Manu, Mo3am6uka, Mongasun, 
Mouronuy, Makuctaxa, Nepy, Nonbwu, Py- 
mbiHvu, Cep6un wu Yepxoropuu, Cupuu, 
Cnosakuu, Cnosexun, Comanu, Cygana, Tap- 
*KMKMCTaHa, TaH3aHnn, TypkKmMeHuy, Y36eKH- 
ctaHa, Ykpawnbl, OunnaHgAuu, Xopsatuu, 
Yexuu, IcToHuu, Iuonun. 

B BoMHaX MW NOKAaNbHbIX KOHGAUKTAXx B 
Oro-Bocto4How A3mu uv Ha BawkHem Boc- 
Toke, B Adpuke uv Espone 3Tumu pakeTamu 
6bino C6uTO HECKONbKO ThICAY CaMoneToB, 
4TO COXPAHUNO KM3Hb COTHAM TbICAY MMD- 
HbIX KUTeNen, 

Beigatouniica Bknag MKB “®aken” B 
CO3faHue BbICOKOIpPekKTHBHEIX OOpa3zyoB 
PaKeTHOFO OpyKUA OTMEYEH BbICWMMM Fo- 
CyAapCTBeHHbIMM HarpafamMu — OpgeHoM 
Jlenuna (1958 ron) w opgeHom Oxta6pb- 
ckou Pesonwouynn (1981 rog). 

B Hacroauwee Bpema K 4ucny Han6onee 
3ekTMBHbIX 3EHUTHbIX CpeAcTB Poccuii- 
CKO apmuu Mu nota OTHOCATCA CO3faH- 
Hble “Makenom” pakerbl: 

— ANA B3eCHMTHBIX PaKeTHbIX CUHCTeM 
(3PC) sovick NBO — C-300N, C-300NM u ux 
mMoAMduKaunn; 

— ANA CUCTeMbI NpOTHBOpaKeTHOH 060- 
poHbi Mockosckoro npombimneHHoro paii- 
Ova — A-135 Bolick PakeTHo-KocMMyeckoni 
o6opout! (PKO); 

— ANA 3CHMTHO-pakeTHbIX KOMNNEKCOB 
CyxonyTHbIx Bolick — “Top” u “Top-M1”; 


nontraditional concepts, perfect substan- 
tiation for all elements of missiles — this is 
the style of work of the Fakel personnel. 

Almost every AD missile developed by 
the enterprise symbolized a new era in 
development and modernization of this 
type of weapons. 

During the period of its operation, the 
Fakel Engineering Design Bureau has 
developed 23 types of missile weapons 
and carried out more than 30 moderniza- 
tions of missiles for the Air Defense, the 
Army and the Navy. 

The Fakel-developed missiles were the 
first ones in the world to engage real air 
targets: a high-altitude spy aircraft was 
downed on October 7, 1959, in the airspace 
of China, and the first long-range ballistic 
missile warhead was destroyed on March 4, 
1961. The destruction of the American 
Lockheed U-2 spy aircraft (piloted by 
Francis Powers) by a Fakel-designed mis- 
sile on May 1, 1960, in the area of 
Sverdlovsk became a well-known event. 

The AD missiles developed at the 
enterprise were and still are in service with 
the armies of 60 countries worldwide, 
including Russia, Azerbaijan, Albania, 
Armenia, Belarus, Georgia, Kazakhstan, 
Kirghizia, Latvia, Lithuania, Moldova, 
Turkmenistan, Tajikistan, Uzbekistan, 
Ukraine, Estonia, Albania, Hungary, 
Bulgaria, Bosnia and Herzegovina, Greece, 
Germany, Cyprus, Macedonia, Poland, 
Romania, Serbia and Montenegro, Slovakia, 
Slovenia, Finland, Croatia, the Czech 
Republic, Afghanistan, Vietnam, India, 
Indonesia, Yemen, Jordan, Iraq, Iran, 
Kampuchea, China, People’s Democratic 


Republic of Korea, Kuwait, Laos, Mongolia, 
Pakistan, Syria, Algeria, Angola, Egypt, 
Zambia, Libya, Mali, Mozambique, Sudan, 
Somalia, Tanzania, Ethiopia, Cuba and 
Peru. These missiles have been employed 
in wars and local conflicts in the Middle 
East, South-East Asia, Africa and Europe; 
they have destroyed several thousand air- 
craft, thus saving the lives of hundreds 
thousand peaceful inhabitants. 

For its great contribution to the devel- 
opment of highly efficient missile 
weapons, the Fakel Engineering Design 
Bureau was awarded the highest state 
awards — the Order of Lenin (1958) and the 
Order of the October Revolution (1981). 

Nowadays, the following Fakel-devel- 
oped missiles are among the most effi- 
cient AD means in service with the Russian 
Army and the Navy: 

— S-300P, S-300PM and their modifica- 
tions — designed for AD missile systems of 
the Air Defense Forces; 

— A-135 antiballistic missiles of the 
Aerospace Defense Missile Forces for the 
ABM system of the Moscow industrial 
region; 

— missiles for Tor and Tor-M1 AD sys- 
tems in service with the Army; 

— missiles for Rif, Rif-M and Klinok AD 
missile systems in service with the Navy. 

These missiles embody the advanced 
achievements of missile engineering, as 
well as the principle of combination of 
research and top design concepts with 
modern technologies and achievements in 
the sphere of science of materials that is 
typical of the Fakel Engineering Design 
Bureau. 
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— pin Kopabenbubix 3PC u 3PK — “Pup”, 
“Pud-M” wv “KnwHoK”. 

B 3TMx pakeTax BonnoweHb! Hanbonee 
nepefosble AOCTMKEHMA PakeTOCTpOeHMA, 
peanw30BaH xapakTepHbin ana MKB “®a- 
Ken” NPMHUMN CO¥eTaHMA Hay4HbIxX MCCHe- 
flOBaHM WM MHKEHEPHbIX PeWeHHA BbICO- 
yawero ypoBHA C MCNONb30BaHMeM CO- 
BPEMEHHbIX TEXHONOrMM MW AOCTHKEHMU 
maTepvanosefeHnua. 

Ceiyac 8 MKB “®aken” nposogatca 
Hay4HO-MCCNefoBaTeNbCKMe MV ONbITHO- 
KOHCTpyKTOpckKne paboTbi no co3qaHuio 
3YP HoBOro NOKONeHMA, B TOM YuCNe WANA 
cuctembi C-400, KoTopbie 6yayt BecTH 3- 
cbextuBHyto Gopbby co Bcemu cywecTByto- 
UMMM M NepCneKTMBHbIMM BUAaMM CpeAcTB 
BO3AyWHOFO HanafeHMaA. 

XapakTepHou YepTonu CTunA CeroqHAUi- 
Hei pabotb! MKB “Maken” asnaetca o6ec- 
neyeHve rapaHTMpOBaHHOM HafexKHOCTH 
npoaykunu. Pakerbi, co3qaHHbie Ha npep- 
npuatnu, He TpebyioT OOcnykuBaHuA B 
TeyeHve BCerO fapaHTMMHOrO CpoKa npu 
aKkcnayaTaumn B ni06bIx KNMMaTHY4eCKHX yC- 
NOBMAX. ITO MOCTUFHYTO 3a CYeT UCNONb30- 
BaHuAa HaMbonee NporpeccuBHbIX TeEXHONO- 
ru W3rOTOBNeHMA M BCECTOPOHHeN Hazem- 
HOW OTpaboTKH pakeT C NpHmMeHeHvem 
YHMKabHbIX METOAMK Ha MHOrOdyHK\Ko- 
HaNbHOM MCNbITaTeNbHOM KOMMNeKCe. 
Cpeqctsa 3Toro KomnneKca, ceptuduunpo- 
BaHHoro TocctaHgaptom P® u “O6opon- 
cepTudukonw", no3sBonAWT NpoBoAMT 
19 BugoB UCNbITaHMM: CTaTMYeCKMX, AMHa- 
MUYECKMX, TENNONPOYHOCTHBIX, PagMoTex- 
HUNECKUX, KNMVMATAY4eCKUX M NpOUMX, B TOM 
4MCNe MB YCKOPeHHOM perkume. 

3Ha4uuTeNbHOe MeCTO B CTpykType 
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NpeANpHATMA 3aHMMaeT ONbITHOeE NpoH3- 
BOACTBO, KOTOPOe OCHAaLeHO BCeM HEOOxo- 
Aumbim O6o0pyfoBanuem, CcTaHKamu, na6bo- 
paTopwamy, a TakoKe Bnageloulee pAgzoM 
nepegosbix TexHonormit. Cpequ HX TeXHO- 
NOFMM: NONYYEHWA TOHKOCTEHHbIX KpyNnHO- 
ra6apuWTHbIX KOHCTpyKUMA npw nomoun 
WTaMNOBKH B3pbIBOM; HaHeCeHMA METO{OM 
MMKpOpyroBoro OKCMAMpOBaHMA YHMKanb- 
HbIX MO M3HOCOCTOMKOCTM 3aLMTHbIX nO- 
KPbITH4; BLICOKOTOYHOFO baCOHHOrO AUTbA 
3 YEPHbIX M UBETHbIX METAIOB M CNNaBoB, 
B TOM 4MCNe MM M3 THTAHOBbIX CNNaBOB; Na- 
3epHOW CBapKu, ObecneynBaloWwen CO3fa- 
HU@ BbICOKOHAAEKHbIX CNOMKHbIX KOHCTPYK- 
UM M3 pa3sNM4HbIX MeTaNNoB MW CnnaBoB; 


Currently, the Fakel Engineering 
Design Bureau experts are engaged in R&D 
work aimed at the development of a new 
generation of AD missiles (including the 
ones for the S-400 system), which will be 
very efficient against all existing and per- 
spective types of air attack means. 

Guaranteed reliability of products is a 
characteristic feature of the Fakel 
Engineering Design Bureau’s current 
activities. The missiles that are designed 
and developed at the enterprise do not 
require maintenance throughout their 
entire service life in any climatic condi- 
tions. Such reliability is achieved due to 
the implementation of the advanced tech- 





nologies, application of the unique me- 
thods at versatile ground testing facilities 
when manufacturing and comprehensively 
testing the missiles. This testing system 
has been certified by Russia’s State 
Standards and the Oboronsertifika agency; 
it allows carrying out 19 types of tests 
such as static, dynamic, heat-resistant, 
radio engineering, climatic and others, 
including the accelerated ones. 

The pilot production facilities occupy 
an important place in the structure of the 
enterprise comprising all necessary equip- 
ment, machines and laboratories. The 
advanced technologies that are imple- 
mented there include: manufacture of 





Introduction ] 








Ipu3 “3a Kayecmeo” 
(Napum, 1996 2.) 
Golden International 
Europe Award 

for Quality 

(Paris, 1996) 





POTAWMOHHON BbITAKKM ANA M3rOTOBNeHMA 
TOHKOCTEHHbIX MMHAPUYECKUX M KOHMYe- 
CKUX BeTaNei U3 BbICOKONPOYHbIX CTanei uM 
aNOMMHMeBbIX CNNABOB; M3FOTOBNeHMA fe- 
Tanew w3 HEMeTaNNM4eCKMX MaTepManos C 
NOMOLbIO NPECCOBAaHHA, AMTbA VM ABTOKNAB- 
Horo BakyyMHOrFO PopmupoBaHyaA, 

Kpome Toro, B nocnegHue rofbl Ha 
NpeANpMATUM CO3AaHbI, M3FOTOBNeHbI MW MC- 
NMbITaHbI ONbITHbIE OOpa3zub! pa3znn4yHon 
npogykumn rpadk@aHckoro Ha3HayeHua. 
3TO W yHuBepcanbHble 6biToBbie AepeBo06- 
paOaTbipaoulMe CTaHKY, M MeAUUMHCKOe 
o6opygosaHue. Ocobyto u3BecTHOCTb no- 
AYYMWNM BbINYCKAaeMbIe CePpMHHO MaUMHb! 
ANA @YUHMWHOM OTAeENKMH TKAaHeM B TeKC- 
TUNbHOM NPOMbIWNeHHOCTH. 

Poccuiickaa akagemua HayKk, Mpasn- 


Paketbt “Makena” 


Npuz “3a Kommepyeckud 
npecmux” 
(Madpud, 1996 2.) 


International Award 
for Commercial Prestige 
(Madrid, 1996) 


TenbctTBo P®, Topropo-npombiwneHHaa na- 
nata P®, Poccuickun cow3 NpOMbIWNeHHH- 
KOB MW NpegnpnHumartenei, PoHA pasBuTHA 
“Tpetbe ThicayeneTve” 3a BbiIfaloUMiicA 
BKNaf B COWMaNbHO-3KOHOMUYECKOe pa3- 
BuTMe Poccun npwcyauan npegnpnaTnio 
npw3 “Poccuiacknia HaunonanbHbii Onumn” 
3a 2002 rog. 

3a BbICOKMe AOCTMKEHMA NPeANpHATHE 
TaK)Ke OTMEYEHO MEK AYHAPOAHbIMM Harpa- 
gamu. Ot Kny6a nvgepos toprosnu 30 - 
npw3 “3a KayectBo” (Mapu, 1996 rog) nu 
npw3 “3a KOMMepyecKui npectuxK” (Map- 
pug, 1996 rog). Or Accoynaumn cogeiicr- 
BUA NPOMbILWNEHHOCTH NonyyeHa “ZONOTaA 
Meganb” (Mapu, 2000 rog), ot Beicwero 
Mexesckoro Vnctutyta Bu3xHeca — “3ono- 
Tow Mefanbou” ()KeHesa, 2001 rog). 





thin-wall large-size constructions by explo- 
sive forming; employment of microarc oxi- 
dation technology for producing unique 
wear-resistant protective coatings; high- 
precision ferrous, nonferrous and alloy 
shape castings, including the titanium 
alloys shape casting; laser welding, which 
allows producing highly reliable complex 
constructions out of various metals and 
alloys; rotary drawing for manufacturing 
thin-wall cylindrical and conical compo- 
nents from high-strength steel and alu- 
minum alloys; manufacture of components 
from nonmetal materials by extrusion, cast- 
ing and autoclave vacuum moulding. 
Besides, the enterprise has currently 
developed, manufactured and tested pilot 
items of civil-purpose products, including 


Npu3 “Poccuticxud 
Hayuowanbxeid Onumn” 
(Mocxea, 2003 2.) 
Russian National 
Olympus Award 
(Moscow, 2003) 





versatile household wood-working machi- 
nes and medical equipment. The mass- 
produced fabrics finishing machines for 
the textile industry have become excep- 
tionally popular. 

For its major achievements, the Fakel 
Engineering Design Bureau was awarded 
several prizes. They include the Award for 
Quality (Paris, 1996) and Award for 
Commercial Prestige (Madrid, 1996) from 
the Trade Leaders Club, the Gold Medal 
(Paris, 2000) from the Industry Assistance 
Association (Societe d’'Encouragement pour 
(‘Industrie Nationale — SPI), Gold Medallion 
(Geneva, 2001) from the Graduate Institute 
of Business and Management in Geneva 
(INSAM) and Russian National Olympus 
Award (Moscow, 2003). 


Fakel’s Missiles 
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TenepanbHbin 
KOHCTpyKTop 

NETP OQMUTPUEBUY 
FPYWUH 





PYOTR D.GRUSHIN 
General Designer 





ytb NMetpa Ipywuva K KOHCTpyKTop- 
ckou Cnase 6bin fonruM uM HENerKuM, 
He6onbwow BoOnKCKMA ropofoK 
BonbcK, B KOTOPOM OH poguaca 
15 aHBapA 1906 roa, Hu4eM He 6bIN 3Ha- 
meHuT. B Ha¥ane Beka B HEM, U3BECTHOM 
NUWb CYAOCTPOMTeNbHbIM, WEMEHTHbIM HM 
NMBOBapeHHbIMM 3aBOfamM, 06 aBnauun U 
He CnbixuBanu. Jimwb B uiONe 1911 ropa 
npu6bin B Bonbck Ha “ractponu” nobequ- 
Tenb nepsoro nepenerta Netep6ypr-Mocksa 
AnekcaHap Bacunbes, a3ponnah KoTOporo 
HECKONbKO MMHYT NOKpyKuA B BO3AYyxe 
“WA nowTeHHenwew ny6aukn”. Bnpouem, 
raCTpONbHbIN NONeT He OCTaBUMN B NaMATH 
[pywmHa HMYKaKMXx BOCNOMMHaHM. A BOT O 
Apyro# sctpeye c “6onbwon” asnaynei, 
cocTronBwenca B CepeanHe 1920-x, IpywuH 
BCNOMMHaN YacTo. 
— B mom denb # Bo3zBpawanca BeyYepom 
C 3aHAmuU, ConHUe ele He CKpbInoce. VU 
Bdpye, 2pemum 4mo-mo 8 B030yxe. Hu3Ko, 
Had CambiMU KpbilaMU OomoB, NDONemenu 
mpu camonema u cenu 3a 2opodom, — pac- 
CKa3biBan Netp Amutpuesuy., — He 9 odun — 
ace Monodoe HaceneHue 2opoda HaNpAMUK, 
yepe3 3a60pbI U O20pOdbI, PBAHYNOCb K MeC- 
my nocadku. lpu6exanu, nodownu K ma- 
wuxam. Huxmo xac He 3apyzan. Haobopom, 
nemyuKam 6bin0 3a6asHo Budemb Hawe 
BonHeHUe, pazpewuNU, Y¥MO Ha3zbIBAeMC;A, 
“nompozamb” ux camonembl... 
3a Bctpeya OKa3anacb pana Ipywuna 
pewatowen. K Tomy Bpemenu 3a ero nneua- 
Mu yKe 6bina yye6a B WKONe, BonbcKoM ro- 
POACKOM y4unnue, NpodrexwKone umMeHU 
Vinbwya. K cBoum aBaguatu rogam OH B Co- 
BePpWeHCTBe OBNafeN CnecapHbim genom, 
pa6otan Ha pa3nM4Hbix CTaHKax, BOM 





flemp Ipywun, cmydexm MAM, 1932 2. 
Pyotr Grushin, a student of MAI, 1932 


TpakTop. WB Bonbcke, vu B COCeAHMXx C HUM 
MapkcwTagtTe w JHrenbce emy 6bino rpe 
NPMMEHMTb CBOM 3HAHMA UM yMeHHA, HO [py- 
WMH yKE He NpeACcTaBnAN AanbHenwen 
ceoen KM3HM 6e3 CamoneTos. 

Havas c npocreAwux asnamopenen, 
[pywHH BCKOpe cTan cpequ ppy3ei npy- 
3HAHHbIM aBTOPMTeTOM B BONPOCaXx aBua- 
4M MW aBMamogenn3ma. Bo spema cocta3a- 
Hun MOeNY, CO3AaHHbIe ero pyKamu, yne- 
Taw fanbwe Apyrux. 

Ogvako npegnpunatan [pywuHbim no- 


he future academician’s path to the 

State-of-the-art design work was 

similar to that of the majority of mis- 

sile specialists of his generation. 
The delight with the first plane that he 
saw in the skies made him an enthusiast of 
aircraft and drove him to the model air- 
craft construction... For the first time in 
his life, Pyotr Grushin saw an aircraft not 
far from his home town of Volsk. A twenty- 
year-old youth, he had already become a 
good mechanic, fitter and tractor driver. He 
was conscious of his sudden passion to air- 
craft, and this passion remained with 
Grushin throughout his life. Therefore it 
was quite natural that he entered the 
Leningrad Polytechnical Institute in 1928, 
and two years later transferred to the 
Aviation Institute (MAI) that had just been 
set up in Moscow. He was an excellent stu- 
dent, a winner of numerous study contests 
that were quite popular in higher schools 
those days. His fellow students (later many 
of them became famous aircraft and mis- 
silery designers) got sometimes stunned 
by the sedulity and diligence of “the guy 
from the Volga”. In fact, he got acquainted 
with the “sine — cosine” only at the age of 
21, just before entering the institute. 

At that time we flocked after the promi- 
nent scientists and designers: we were 
extremely anxious to learn as much as possi- 
ble about our favorite research field, Pyotr 
Grushin recollected. A famous aircraft 
designer D. Grigorovich, a young but steadi- 
ly growing designer S. Ilyushin and a well- 
known scientist B. Yuriev were among his 
instructors. They were the ones who turned 
their attention to Grushin’s extraordinary 





research abilities, nonstandard thinking, 
gift for analysis and generalization, as well 
as his ability to make courageous decisions 
even contrary to the opinion of the promi- 
nent scientists. Persistence, energy, great 
diligence, complete self-devotion and 
faithfulness allowed Pyotr Grushin to 
become a designer of the most complex 
equipment within just a few years. 

In the prewar years, Grushin’s original 
concepts for test and experimental aircraft 
brought him popularity. Among them were: 
the record-breaking Stal-MAI plane made 
of stainless steel, aerodynamic tandem- 
design planes (the Oktyabryonok light- 
motor aircraft and Sh-Tandem attack air- 
craft), the first aircraft in the country 
equipped with retracting tricycle landing 
gear with nose strut (the BB-MAI bomber), 
and the Gr-1 twin-engine fighter. However, 
when the war was unleashed, Grushin had 
to abandon this sphere of research. 

His new assignment was the Lavoch- 
kin Design Bureau in the city of Gorky. In 
the summer of 1942, the specialists of this 
bureau were putting the La-5 fighter into 
mass production. This time, Grushin’s task 
was formulated in a precise military way: 
he had to ensure the series production of 
the fighter in no time. Already in the 
autumn of 1942, the first La-5 fighters 
were employed in the battles near 
Stalingrad, and on December 5, 1942, the 
Gorky Aircraft Manufacturing Plant report- 
ed about the beginning of mass produc- 
tion of the new fighters. In June 1943, 
Grushin was awarded the Order of Lenin for 
his participation in this work. 

In the spring of 1943, Grushin was 
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NbiITKa CTaTb NETYMKOM OKa3anacb Heypay- 
HOW — B Camapckoe yuunuue BOeHHEIX neT- 
4UKOB ero He Nponyctuna mepKOMuccHaA. 
Ho sckope I[pywuk nonyyun HanpasneHue 
pawkoma KOMCOMONa Ha yYe6y B JleHuH- 
rpag — 8 MonutexHwyeckni MHCTHTYT, re 
8 Te FOfbi Gbino OTAeNeHMe NoOsroTOBKH MH- 
KEHEPOB ANA rugpoaBuaynu. Ha 3ToT pa3 
OCE4KM HE CHYYMNOC, MU OCeHbIO 1928 ropa 
[pyWMH cTan cryfeHtom. Yepe3 gsa roga, 
netTom 1930-ro, Bce oTAeNeHue, Ha KOTOpOM 
y4unca Tpywuk, nepesenw B Mocksy, 68 
TONbKO 4YTO CO3MaHHbIM MockoBCKui aBua- 
UMOHHbIN MHCTHTYT. 

B te spemeHa GonbwuHcTBo 6ypyuux 
aBMaNHKEHEPOB YYMNOCb C BAOXHOBEHMeM 
— aBwauwA He NpMHMMana niogerK paBHO- 
AYWHbIX 4 Ge3pa3znu4Hblx. Ho fake cpean 
CBOMX CaMbIX YBNeYeHHbIX COKYPCHMKOB 
[pyWHH Bbifenanca Tpynonio6uem u rny6u- 
HOW M3yYeHHA NpegMeTos. “B me 200bI MoI 
ma6yHKamu 6ezanu 3a MacmumbiMu yYeHbI- 
mu U KOHCMpykmopamu, CmpemAcb y3HamMb 
KK MOKHO bonbuie 0 nonimb6uBWeMCA HaM 
dene”, — Bcnomunan Ipywnk cBoM cTyfeH- 
4eckve rogbl. Ero yyntenamu WM HaCcTaBHu- 
kaMM 6biINM W3BeECTHEMWMA AaBMAKOHCTpyk- 
Top {.fl. [puroposuy, monogoi, Ho yse- 
PpeHHO HaOupaBwuii Torga cuny C.B. Unb- 
townH, yyeHbii B.H. Opes... Onupancb 
Ha MX onbiT, IpywnH cymen o6pectu cBon 
COOcTBeHHbIN TBOPYeCKHi NOYepK — Ha- 
Y4WNCA CMENO OTKAa3bIBaTbCA OT NpuBbI4- 
HbIX PeWeHUHM, NpeANaran B3aMeH XOPOWO 
npoAymaHHbie HoOBbie, NnyYwHe. VW He cny- 
YanHO bamunua ctypeHta [pywnua, nepe- 
AoBuKa yye6b! u3 rpynnbi 182 nocToAHHO 
YNOMMHaNacb B MHCTMTYTCKOM mHOrOTH- 
paxke “Mponennep”. 


TeHepanbubid KOHCTpyKTop M1.f. Ipywinn General Designer Pyotr D. Grushin 


He3aypaAghbim OKa3anca u ero ~unnom- 
HbIM NMPOeKT NerKOMOTOPHOTO Camoneta, 
Ha KOTOPbIM C HaY¥ana 1932 roga OH pabo- 
Tan BMecTe C Apy3bAMM-COKYPCHMKaMH 
Amutpuem Babagom u AdbaHacuem Mapa- 
Ka30BbIM. [poekT nog Ha3BaHnem “Bpu- 
raqhbih” 6bin npegctasneH umu Ha BCeCO- 
1O3HbIM KOHKYpC, NpoBoAMBwHica LIK Oco- 
aBuaxuoma. 13 oxTAOpa 1932 ropa 06 uto- 
fax KOHKypca Hanucana ra3zeta “U3eec- 
Tun”. B yucne nobequtened 3HayMancb 
Ipywuh, Ba6agq wu Mapaka3os. Um 6eina 
npucyxkAeka Nepean npemua. Bropyw Ha 
TOM KOHKypce nonyyun uHKeHep Cepreit 
Kopones, paspa6otaswuii camoner u3 ner- 
KOrO CnaBa 3NeKTpOH. 

[pywnk, OKOHYMBWMH MockoBcKni 
ABMAMOHHbIN MHCTMTYT B Mae 1932 roga, 
BCKOpe 6bin npuHAT Ha pabory B Bwpo Ho- 
BbIX KOHCTpykyMh (BHK) Bcecow3Horo 
aBMalMOHHOrO OObeAMHeHmA. B 3TOn Opra- 
HM3ayMHM, KOTOPy BO3rMaBNAN cpakuy3 
Axpu Jiasunb, 8 TO BpemA CO3faBancA 
UNbHOMETANNMYeCKMA ABYXMECTHIM UC- 
Tpe6utenb JM-4. Oghako ”anbwe onbitHo- 
ro O6pa3ya Aeno He NowNo, uv B CepeanHe 
cnepyioujero roga BHK 6bino 3axkpbito. B 
vtone 1933 roga, nocne Hegonron paborTbl 
Ha 3aBoge 39 Mockosckoro UKb, pywux 
BepHynca 6 MAU. B “anbma-matep” ero 
Npurnacun Ha AOMKHOCTb CBOerO 3amecTH- 
Tena 3HAMeHMTbIA aBMaKOHCTpyKTOp 
4.N. [puroposuy, KoTopomy Ipywuk npu- 
maxynca, 6yay4n euje CTyAeHTOM. [puropo- 
BUY TOrga bin neperpyKeH CBepx BCAKON 
MepbI: pyKOBOAMN KOHCTpyKTOpCKum 6i0po, 
co3faBaBwum ucTpebuTenn, BO3rnaBnaAN B 
MAM kadeapy KOHCTpyKyMu VM npoeKTupo- 
BaHWA CaMONeTOB, a TakKxKe pykKoBOgun 


appointed chief engineer to the Aircraft 
Manufacturing Plant #381 in Moscow, 
where the production of Lavochkin fight- 
ers (the La-7) began. Due to Grushin’s ini- 
tiatives, a number of innovations were 
applied to the La-7 fighter that increased 
combat efficiency of this aircraft. The 
innovations included enforcement of the 
armament, cockpit hermetic sealing, etc. 

After World War II, the specialists of 
the plant began preparatory works for 
series manufacture of the I-250 fighter 
(A. Mikoyan’s and M. Gurevich’s design) 
and pilot models of the La-150 jet fighter 
(S. Lavochkin Design Bureau). 

In October 1946, Grushin started to 
work at the Ministry of Aircraft Building 
Industry, followed by his work at the 
Special Committee for Jet Engineering. In 
September 1948, Grushin returned to the 
Moscow Aircraft Institute (MAI) being 
appointed dean of the faculty for aircraft 
building, and later on, deputy head of the 
institute for research. 

In the 1950s, Pyotr Grushin, who had 
been dreaming of aircraft designing 
throughout all his life, had to go in for 


quite another task: now he was to develop 
air defense guided missiles intended for 
the destruction of aircraft. World War II 
had demonstrated the great combat power 
of the aircraft. The fight against aircraft 
required the employment of qualitatively 
new measures, the guided missiles being 
among them. During WWII, similar work 
aimed at the development of missiles 
started in Germany, the USA and a number 
of other countries. However, the first 
results of that work were rather modest, 
and Grushin found himself at the cradle of 
one of the most complex weapons of the 
20th century. 

In June 1951, Grushin was appointed 
S. Lavochkin’s deputy. At that time the 
Lavochkin Design Bureau was dealing with 
an extremely difficult and important task. 
The specialists of the bureau had to devel- 
op a missile for the first domestic 
S-25 Berkut AD missile system intended for 
the defense of Moscow. That work was 
carried out in no time, as it had taken 
place during the war. Joseph Stalin, who 
personally set the task, demanded that the 
AD missile should be ready in a year. The 
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Modenb camonema “bpuzadnbii” - nobedumena KouKypca LK Ocoasuaxuma, 1932 e. 





Model of Brigadny aircraft - winner of the Osoaviakhim Central Committee competition, 1932 
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rpynnonw CTyfeHTOB uM AMNNOMHUKOB, npo- 
ekTupoBaBwux B MAU wenbHoctanbHon 
camoner. B stoi rpynne, Bbipocwen co Bpe- 
meHem B KB MAW, uw Hayan paboratb [py- 
WMH, a CO34aBaBwuicaA B KB camonert ctan 
ero NepBow CamOocToATeNbHON paborTon. 

OpuruvanbHocTh camoneta, KOTOpBIi 
npeg~ka3sHayasica pANA oTpaboTkKu cBepx- 
AjanbHux nepenetos u 6bin cBoero poga 
Ay6nepom pekopakHoro§ tynonesckoro 
AHT-25, 3aknto4anacb npekpe Bcero B Ma- 
Tepwane KOHCTpyKUMu — uM O6bina HepKa- 
BeloulaA CTanb. OHa w ONpegenuna Ha3Ba- 
Hue 3TorO Camoneta — “Cranb-MAW umexu 
Akopa Ankcuuca”. OgHako K MOMeHTY Ha- 
Yana pekopgHbix nonetos AHT-25 camonert 
He ycnen. NMepsbii monet Ha Hem 6bIn co- 
BepWeH NMWb 19 ceHTAOpA 1934 roga, Kor- 
Aa Ha AHT-25 yke 6bin ycraHoBnex nepsbiit 
pekopA AanbHocTw noneta. EctectBeHHo, 
4TO NoTpebHOcTb B “Ctanb-MAN” otnana, K 
TOMY Ke NPM ero NATOM NoNeTe npon3z0wNa 
aBapuvaA — Ha B3NeTe 3arnmox MOTOD, nH yKe 
Pa30rHaBWMMCA CamOneT npuwnocb Ha- 
npaBuTb K HaxXOAuBWeiCA Ha rpaHnue ad- 
pogpoma kyye necka. Jkunam, B COCTaBe 
KoToporo 6bin uw [pywnn, He noctpagan, HO 
CamonerT 6bin OCHOBaTeNbHO NOBpekgeH U 
6onbwe He neTan. 

Cnenayiowen paboton Ipywnna 8 MAU 
cTana MOfepHv3auMA Camoro MaccosBoro 
camoneta Toro BpemeHn — Y-2, 3aKnioYaB- 
WaACA B YNYYWEHMM ero a3IPOANHAMUKY, B 
YCTAHOBKe AONONHUTeNbHbIX beH306aKOB. 
B pe3ynbrate, ocoppemeHeHHbiin Y-2 npu- 
6asun 15-20 kM/yac B CKOpocTM Vv He- 
CKONbKO COTCH KMOMeTPOB B AaNbHOCTU 
noneta. Ho npogomkeHua 3Ta pabota He 
nonyyuna, Kak MW pAg Apyrux nonbitok: 3a- 


Pexopduoili camonem “Cmanb-MAN”, 1934 2. 
Stal-MAI record-breaking aircraft, 1934 


TpaTbl Ha BbINONHEHMe NepepenoK Y-2 Bce- 
ra OKA3bIBANUCb 3HAYMTENbHO BbIWE OKM- 
AaBwerOCA 3KOHOMMYECKOrO 3dexta. 

{pyran pa6ora, nposegeHHan [pywu- 
HbIM Ha Y-2, 3aknO4anaCb B YCTaHOBKe Ha 
camoneT Manora6apuTHon napoBon Typ6u- 
Hb. Tora WM, COBMECTHO C ABMraTenucta- 
mu MAM, 6bin co3mqaH uccnepoBaTenbcKun 
CTeHA, Ha KOTOPOM NpoBogMnac’ oTpabor- 
Ka OCHOBHbIX 3NEMEHTOB KOHCTPYKUMU HO- 
BOW ABUraTeNbHOW yCTaHOBKH, 

HacToawjan Ke U3BECTHOCTb Npulina K 
IpywuHy Bmecte c “Oxta6peHkom”. ToT 
He6onbwon CamoneT 6bin NocTpoeH B MAN 
netom 1936 roga. Ho ewe go ero noctpon- 








missile appeared within the designated 
term, and its tests began. However, the 
development of its guidance and control 
system by the experts from the Design 
Bureau #1 (it was the parent enterprise 
for the S-25 system) took much more 
time. Actually, the Design Bureau #1 had 
to solve problems of a qualitatively dif- 
ferent level. In fact, it required the cre- 
ation of a practically new industry. Only 
on November 2, 1952, the first launch of 
the AD missile guided by commands from 
a ground guidance station took place at 
the Kapustin Yar range. On April 26, 
1953, the first interception of a flying 





target (a Tu-4 bomber) was executed. 

In late 1953, Pyotr Grushin got his 
next assignment, which turned out to be 
the last one. The Special Design Bureau #2 
(later named the Fakel Engineering Design 
Bureau) became his new place of work and 
he was appointed chief designer. The site 
allocated for the new enterprise was situ- 
ated in the outskirts of Khimki, a town in 
the suburbs of Moscow. This place was 
familiar to Grushin. It was the place where 
his Oktyabryonok light-motor aircraft had 
been tested before WWII, and at that site 
Grushin had been trained to fly aircraft at 
the MAI aeroclub. 








ad Paketbi “Makena” . . Fakel’s Missiles = 


KM pa3ropenucb Kapkuve cnopbi BoKpyr 
cxembl “TaHfem”, npeqnokeHHon [pywin- 
HbIM ANA “OkTAbpeHKa”. B3nBuiMcb ycoBep- 
WEHCTBOBaTb NONyNAPHYO B Te ropbl “neTa- 
towyto 6noxy” dpakuy3a AHpu Muuee, Ipy- 
WMH NpeAnoKun AnA cBoero Ccamoneta 
MMeHHO Cxemy “TaHfem”. PaccyguTb, npa- 
BUNbHO NM BbIGpaHO peweHne, Mor TONbKO 
nonet. UV 23 okta6pa 1936 roga “Oxta6- 
peHKa” NOAHAN B BO3AYX OAMH 3 M3BeCT- 
HeMWMX NeETYMKOB-MCNbITaTeNen Toro Bpe- 
mMeHM — AnekcaHgp Kykos. A 4epe3 Hepe- 
mo “Oxta6peHoK” nobegHo npoxKyxoxKan 
CBOMM 27-CUNbHbIM MOTOPOM B Hebe Hap 
MAM. Cnopti o HeaddextusHoctn nopob- 
Horo “TaHgema” cTuxnu Camu coboi. 

Heckonbko net “Oxta6peHoK” 6bin 
cBoero poga cumsonom MAI, ero Ha rpy30- 
BUKe BO3MIM B COCTaBe KONOHHbI MHCTUTY- 
Ta BO BPeMA Npa3sAHMYHbIx BeEMOHCTpayMi 
Ha KpacHou nnouwagu, a B 1938 rogy oAnH 
W3 ero noneToB Ha TyWMHCKOM aBuauoH- 
HOM Npa3qHuKke Obin CneyManbHO CHAT ANA 
KYHOXPOHMKH. 

Yenex “Oxta6peHka” no3Bonun Ipywn- 
HY NPUCTyNUTb K CO3AaHuio Goesoro Camo- 
neta NOAO6HON cxembl. Mo 3ambicny KOHCT- 
PykTOpa, OH AOMKEH ObIn npeacTaBnaTb Co- 
6010 CKOpocTHOW He6poHMpoBaHHbiit WTyp- 
MOBMK. TakafA “geonorna BnonHe CooTBeT- 
cTBOBana BpemeHu. B Te ropbi y mHOrMx 
BO@HHbIX CNeEWUMANUCTOB NONb30BaNaCcb No- 
nyNAPHOCTbIO TeopuA O Ge30nacHOCTH aTaK 
Ha Ha3emHble enn C Gonbwon CKOpOcTbH, 
Ha ManOw BbICOTe, C NuKMpoBaHuA. Kpome 
TaHEMHOM CXeMbI, OTNMYUTeENbHOM OCO- 
6eHHOCTbIO ~FpyWMHCKOrO wWTypMoBuKa 
CTaa pa3MeujeHHaA B XBOCTOBONW YacTU 
“Tanpema-MAM” (camoner Take Ha3blBan- 


ca MAM-3 w “L-TaHgem”) 6GawHa cTpenka, 
KOTOpaa O6ecneyuBana O6opony Bcen 3ap- 
Hew nonycepbi. Otnuyanca camoner uv BbI- 
COKOM TexHONOrM4HOCTbWO, Gnaropapa KO- 
TOPOH OH 6biIN B KpaTYaMwue Cpoku u3ro- 
TOBNeH B MacTepcKux MAM. 

Nepspii Bbinet “Taygema-MAN” cocto- 
anca 5 nexa6pa 1937 rona, uv B TeyeHue 
cnepyiowero rofa camoneT npowen sco 
NONOKEHHY!O Nporpammy ucnbITaHMH, noz- 
TBEPAMB NpH 3TOM BbICOKMe XapakTepucTH- 
ku. OAHako ucnbiTatTenv oTMeTMAM M pag 
HEAOCTaTKOB UWTYpMOBMKa-TaHseMa. Bro- 
pow 3k3emnnap “Tahgema-MAN”, Ha KoTO- 
pom 6ONbWHHCTBO M3 HEAOCTaTKOB NepBoli 
MaWMHbI 6bINO ycTpaHeHO uM, KpOMe Toro, 
npegnonaranoce ycTaHoBuTb y6upaiwuyw- 
CA HOCOBY!O CTOMKY WaccH, Tak uv He 6bin 
noctpoeu. 

Onbit, nonyyeHHbii B xoge paboT Hap 
WTYpMOBMKOM, 6biIn BCKOpe ucnoNb30BaH 
[pyWnHbim np co3qaHun Cnegywwero ca- 
moneta — BB-MAM. OH npegua3Hayanca 
ANA MCNONb30BaHMA B KayecTBe OnurKHerO 
6ombapanposuynka, Men YenbHOpepeBaH- 
HyO KOHCTpyKuMio MW yOupatoyioca HOCO- 
BytO CTOMKy waccn. Yebi, Bb-MAV oka3anca 
Ha PeAKOCTb HeBe3y4uM. 3aTAHyBWAaACA 
noctpouka npuBena K Tomy, 4¥TO ero nep- 
BbIA NONeT COCTOANCA AMwWb B AeKabpe 
1940 roga, korga y BBC uxtepec k 3Tomy 
camonety Obin yrpayeH. Camoro [pywmna K 
TOMY BPeEMeHM Ha3HAadMNN MMaBHbIM KOHCT- 
pyktopom KB Xapbkosckoro asua3a- 
Boga 135, a KB MAM, BbinonHaBuiee B TeYe- 
HM€ HECKONBKMX NeT poNb “NUTOMHUKa” 
6yAywMx MHKeHEPOB WM KOHCTpyKTOpos, 
6bino 3aKpbiTO. 

OcHOBHOM 3aga4ei, cronBwen nepeg 





femp [pywiux (cnpaea) oxono camonema “OxmabpexoK”, 1936 2. 
Pyotr Grushin (right) beside his Oktyabryonok airplane, 1936 


The new assignment had a reverse 
side — Grushin virtually disappeared from 
sight of aircraft specialists and aviation 
experts. The cause entrusted to Grushin 


required incredible secrecy. Even his 
name became one of the country’s top 
secrets and was no longer associated with 
progress in science and technology. Till 
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[pywuHbim B Xapbkose, 6bino o6becneyeHue 
Ha 135-m 3aBofe CepMnHoro BbINyCKa Ca- 
monetos 6b-1 — 6ypyuyux 6nwxKHux 6om- 
O6apAvposunkos Cy-2. OgHoBpemeHHo ero 
HoBoe KB B3An0Cb 3a CO3MaHMe AanbHero 
OAHOMECTHOrO UcTpebuTenA ConposoKge- 
Hun JMC-135 ([p-1). AHanoruyHbie paboTbi 
BeENMCb TOrga YeNbIM pAAOM OpraHu3ayni, 
B TOM 4vcne KB H.H. Monukapnosa u 


A.V. MukosHa. Bnarogapa npeanoKeHHon 
[pywuHbim copme opraHu3aunu paoor, Ha- 
NOMMHalOWen NonynApHbIN MHOrO NoO3Ke 
XO3PaC4eT, XAPbKOBYAHE OKA3ANMCb B YMC- 
ne nugepos. Ux camonerT B Cepequne MIOHA 
1941 roga 6bin roToB K nepsomy nonety. 
Ho w3-3a HaYaBWecA BOMHbI ero NepeBe3- 
aM MAA UCNbITaHMM B NOAMOCKOBHbIN JleT- 
HO-McCnefoBatenbcKui MHCTuTyT (JINN). 


. Pia at re} i 
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flemp [pywuy Ha TywuHcKoM aapodpome neped noxazamenbHbIm nonemom Caiindoeinte” 
Pyotr Grushin at the Tushino aerodrome before demonstration flight of the Oktyabryonok airplane, 1938 
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the late 1980s, all articles about Grushin 
published in encyclopedias and diction- 
aries had the same ending: further on he 
carried out independent and very success- 
ful work. 

Certainly, Grushin possessed a good 
basis for forming his collective. Its back- 
bone comprised the missile engineering 
experts from the Moscow Engineering 





Bureau #1 (it became the main “cus- 
tomer” for missiles from Grushin’s Design 
Bureau), and the personnel of M. 
Bisnovat Special Design Bureau #293 that 
had occupied that site in Khimki till 
1953. Among the experts who were the 
first to develop missiles in the new 
design bureau there were many promi- 
nent designers, engineers, managers, 
such as D. Tomashevich, N. Zyrin, 
Ye. Krinetsky, V. Yelagin and G. Bolotov. 
There also were such experts as 
Ye. Afanasyev, G. Bondzik, whose talent 
and abilities began to flourish during 
their work in Grushin’s bureau. Every 
year, young experts who graduated from 
the best institutes of our country that 
specialized in training missile engineers 
came to this top secret organization. 
Actually, from its first day, the Special 
Design Bureau #2 became very popular 
among the graduates being their prior 
choice for future work, and only the best 
and the most talented ones were invited 
to work there. Later on, many young spe- 
cialists became colleagues of their 
teacher and supervisor. Together with 
Pyotr Grushin they devoted themselves to 
the chosen path. The future chief design- 
er V. Kolyaskin and general designer 
V. Svetlov began their missile engineer- 
ing career in Grushin’s “school”. 

The development of the 1D missile for 
the mobile S-75 AD missile system of the 
Design Bureau #1 became the starting 
point for the Special Design Bureau #2. 
Later, these missiles became a kind of a 
symbol for Grushin’s Design Bureau. The 
following factors predetermined the future 
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Tam, Npw 3anycke OAHOro U3 ero mOTOpO., 
camoneT 6bin nospexkpeH Uv ero npuwnocb 
3BaKYMpOBarTb Ha Ypan, B MepmMb, Kyfa K TO- 
My BpeMeHH ye ObiINn NepeBegeH XapbKoB- 
cK aBua3aBog. Ho uv B MMepmu nogroto- 
BUTb [p-1 K NoneTaM He yAanoCcb — B AHBa- 
pe 1942 roga 3aB0f pachopmuposann. 

HoBbiM Ha3HayeHvem [pywvHa cTano 
KB C.A. Jlasouknka, pabotaswee Bb fopb- 
KOM. Tam neTOoMm 1942 roga Ha4nHann 3any- 
CKaTb B Cepuio uctpe6uTenb Jla-5. 3agaua, 
nocTasneHHan nepeg [pyWwHbim Ha 3TOT 
pa3, 6bina cchopmynupoBaHa no-BoeHHOMY 
yeTKO — o6ecneyuTb cKOopemwni cepuit- 
HbI BbINYCK 3TMX UCTpebuTenen. VW yxe 
oceHbi0 1942 roga nepsbie Jla-5 npwHanu 
yyactue B 6onx nog Cranuurpapon, a 5 pe- 
Ka6pa 1942 roga fopbKkoBcKkui aBua3aBog 
OTpanopToBan O Hay¥ane maccoBoro BbINyc- 
Ka HOBbIX ucTpebuTenei. Ponb IpyuimHa B 
3Toh pabote B uoHe 1943 ropa 6bina oTMe- 
4YeHa OpfeHoM JlenuHa. 

BecHow 1943 roga IpywuHa nepesenn 
B MockBy MaBHbIM MH)KeHeEpoM Ha 381-4 
ABMAMOHHbIN 3aB04, re TaKKe pasBopa4uu- 
BasICA BbINYCK MCcTpeOuTenei JlaBouKuHa — 
Jla-7. 3gecb no uHuyuatuBe [pywuHa Ha 
uctpe6utenax Jla-7 6bin BHEApeH PAA HOB- 
wecTB, YTO NO3BONMNO yBeNN4UTb HoeBylo 
3ceKTMBHOCTb 3TMX CamOneTOB: 6bINO 
yCuneHo BOOpyxKeHue, NpoBefeHb! paboTbi 
no repmMeTu3auMu KaOuHbl nunota, cAena- 
Hbl M Apyrve yCOBepweHCTBOBaHMA. 

B nepsble nocnesoeHHble rogbl Ha 381-m 
3aBOfe pasBepHyNacb NoproToBKa K Cepuii- 
HOMY w3roTOBNeHutO uctTpe6utTena V-250 
(KkoHcTpykuun A.V. MukonHa u MU. Type- 
BUYa) MW ONbITHbIX OOpa3syOB peakTMBHOrO 
uctpe6utena KB C.A. JIasoukuna — Jla-150. 


“Oxma6pexok” 6 MAM, 1940 2. 
Oktyabryonok airplane in Moscow Aircraft Institute, 1940 


B oxta6pe 1946 roga Ipywun nepewen 
Ha paboty 8 Muxuctepctso aBMauyMoHHon 
NPOMbIWNEHHOCTM, NMOTOM TpyauncA B 
Cneukomutete no peakTMBHoW TexHuKke. B 
ceHTAbpe 1948 roga IpywwH BHOBb Bep- 
Hynca B MAM, crab feKaHoM CamoneToctTpo- 
UTeNbHOFO PakyNbTeTa, a 3aTeEM WM Npopek- 
TOPOM MHCTMTYTa NO Hay4HOu paboTe. 

B natwgecatbie rogbi IpywuHy, Bc 
‘KM3Hb MeYTABUIeMY O CO3QaHMM Camone- 
TOB, NPUWAOCb 3aHATBCA MeENOM COBepweH- 
HO NPOTMBONONOKHbIM — pa3spaboTKon 3e- 
HUTHbIX YNPaBNAeMbIX PaKeT, NPeAHa3Ha- 
YaBWUXCA ANA YHAYTOKeEHMA CamoneToB. 


versatile employment of Grushin’s mis- 
siles: maximum efficiency of missiles at 
their minimal cost and simplicity in opera- 
tion; reasonable amalgamation of the new 
and traditional creative ideas; employ- 
ment of production technologies on the 
basis of the most popular and tested con- 
struction materials as well as highly effi- 
cient methods of their treatment. 

The first AD missile of the Special 
Design Bureau #2 was adopted for service 
in December, 1957. In a year, its design- 
ers received high awards: Grushin was 
honored as a Hero of Socialist Labor, the 





Special Design Bureau #2 was awarded 
the Order of Lenin, and dozens of em- 
ployees received orders and medals. On 
December 30, 1958, the USSR highest 
officials N. Khrushchev and L. Brezhnev 
visited the enterprise for the presenta- 
tion of awards. 

Unlike many other missiles that 
“received awards” during those years, the 
1D missile and its modifications remained 
in service for a long time. The missile’s 
first combat launch took place on Octo- 
ber 7, 1959, when it downed a high-alti- 
tude spy aircraft in the airspace of China. 
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flemp Ipywux, 1940-e 2e. 
Pyotr Grushin, 1940s 


Bropan mupoBan BOMHA NpOAeMOHCTpupo- 
Bana OrpoMHyio BboeBy!O MOLb aBnayun. 
Bbopb6a c camonetamu notpebosana npu- 
M@HEHMA KAaYeCTBEHHO HOBbIX CpeACTB, 
B TOM 4uCNe MW ynpaBnAembIxX pakeT. Torga 
Ke Pa3BEPHYNUCb PabOTbI NO UX CO3AaHUI0 
B fepmauuy, CUA, page apyrux crpaH. Op- 
HakO nepBble pe3ynbtaTb! Obinw BecbMa 
CKPOMHbIMM, a noTOMy [pyWHH OKa3anca 
npakTM4ecKuH y MCTOKOB CoO3faHMA 3TOFO 
BYga OpyKuA XX BeKa — OAHOrO M3 Han6o- 
Nee CHOMHbIX. 

B uioHe 1951 roga Ipywuka Ha3Ha4n- 
nv nepsbim 3amectutenem C.A. JlaBouKu- 
Ha. B To Bpema KB Jlapo¥kuva 3aHuMa- 
NOCb KpaWHe CNOMKHbIM MW OTBETCTBEHHbIM 


fenom: co3qaBano pakeTy ANA nepsonu 
OTEYECTBEHHOM 3CHUTHOW PakeTHOM CUC- 
tembi C-25 “Bepkyt”, npegua3HayaBwenca 
ana o6opoub! Mocksbl. Pabota senacb B 
Temne, ena nu He Gonee BbICOKOM, 4eM B 
BOeHHbIe rogbl. CranwH, NMYHO NOCTaBuB- 
wu 3agayy netom 1950 roga, notpe6o- 
Ban, YTO6bI “paketa ana MBO 6bina cgena- 
Ha 3a roq”. VU pakeTa NOABUNaCb UMEHHO B 
3TM CpoKn. Hayanncb ee ucnbitaHua. Op- 
HaKO CO3MaTeNAM CMCTeMbi ee HaBeAeHUA 
wv ynpasneuua u3 KB-1 — ronoBHou opra- 
Hu3aunn C-25 — notpebosanocb 3Ha4n- 
TenbHO Gonbwe BpemeHn. Mpobnembi, 
BcTaBwve nepeg KB-1, oka3anucb KayecT- 
BeHHO MHOFO ypoBHA KM NoTpeboBann, no 
CyTM ena, CO3faHMA NPAaKTMYeCKK HOBOK 
OTPacnv NPOMbIWNeEHHOCTH. JIMwWb 2 HOAG- 
pa 1952 roga Ha nonuroxe KanyctuH Ap 
COCTOANCA NepBbIM NYCK 3EHUTHOM pake- 
Tbl, YNpaBNABWeMCA NO KOMaH~aM Ha3emM- 
HOW CTaHUMM HaBefeHua, a 26 anpenn 
1953 roga 6bin ocyuwjecTBNeH nepBbii ne- 
pexBaT uenu — GomOapgnposunka Ty-4. 

Caoe oyepegHoe Wu OKa3aBWweecA nO- 
CnegAHuM Ha3Hayeunve MMetp IpywnH nony- 
4un B KOHUe 1953 roga. HoBbim meCTOM pa- 
6oTbi ctano Oco6o0e KOHCTpyKTopcKoe 6w- 
po N° 2 (no3xKe — MKB “Maken”). Jlonx- 
HOCTb: MaBHbIA KOHCTPyKTOp — HayasbHuk 
OKB. Mecto, BbifeneHHoe HOBOM OpraHu3a- 
UMM Ha OKpanHe NOAMOCKOBHbIX XuMOK, Ipy- 
WHY ObINO XOPOWO 3HAKOMO. 3p eCb ele BO 
BOMHbI netan ero “OxtabpeHoK”, 3gecb uv 
CaM OH YYMNCA NeTaTb B aspoKny6e MAM. 

Y HOBoro Ha3Ha4eHMA UMeNaCb U O60- 
POTHAA CTOPOHa — OTHbIHE OH NpakTMYeCKH 
UC4e3 U3 NONA 3PEHMA ABMALMOHHbIX Cne- 
UNaNMCTOB VM 3HATOKOB aBuaunn. Jeno, no- 


As for the first target in the skies of our 
country destroyed by the missile (on 
November 16, 1959, near Volgograd), it was 
one of the American spy balloons flying at 
a height of 28 km. However, these episodes 
were not so popular as the incident that 
took place near Sverdlovsk on May 1, 1960. 

Suddenly I heard a sound of indis- 
tinct explosion and saw an orange light. 
The plane suddenly bent its nose forward 
and, as it seemed to me, its wings and tail 
unit broke off. Oh my God, my plane was 
hit! I do not know in what position my 
plane was falling, but the only thing I 
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Pyotr Grushin with his wife Zinaida Z. Zhevagina 


could see was the sky, recollected Francis 
Powers, the pilot of the American 
Lockheed U-2 spy aircraft, describing his 
encounter with the missile. 

And this is how Pyotr Grushin com- 
mented on the incident: Actually, Powers 
was lucky. The missile was launched in pur- 
suit of his aircraft, not towards it. 
Therefore, upon reaching the target it 
exploded, and the fragments of its war- 
head damaged the plane. But the engine 
served as a shield and protected the cock- 
pit, which was in the front part of the air- 
craft, so the pilot was able to stay alive. 
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pyyeHHoe Fpywimny, tpe6osano npnHatua 
MMeHHO TaKUX Mep CeKpeTHOCTH. fae ero 
uma CTaslO OAHMM 3 CaMbIx 6onbUIMx CeK- 
peros CTpaHbl w Oonee He CBA3bIBANOCE C 
ycnexamMM ee HayKu MW TeXHMKH. BnnoTb fo 
KOoHUa 1980-x uHdopmayna o [pywnHe B 
SHUMKNONEAMAX MW CNOBapAX 3aKaH4uBa- 
slaCb COBAMM O TOM, 4TO “fanee OH paboTan 
CaMOCTOATENbHO UM C GonbuMM ycnexom”. 
Co3qaBpaA KONNeKTuB cBoero KB, [py- 
WMH Ha4MHan, KOHEYHO, He C WenuHbl. Ero 
OCHOBY COCTABUNM CneuManucTbi-pakeTyn- 
KM M3 MOCKOBCKOro KB-1, craBwero OCHOB- 
HbIM “3aKa34MKOM” pakeT HOBOFO KOHCT- 
pykropckoro 61opo, a TakiKe paboTHUKu 
OK6-293 M.P. BucHosata, pacnonaraBwe- 
TOCA Ha 3TOW XUMKMHCKOU TeppuTopuN AO 
3umbi 1953 roga. Cpeau cneunanuctos, 
caenaswux nepsble warn B Aene co3qaHnA 
paket B HoBOM KB, 6bINo mHoro yKe u3Be- 
CTHbIX KOHCTPyKTOPOB, UH)KEHEPOB, Opra- 
HU3aTOPOB NpPOW3BOACTBa — TaKMX, Kak 
J). Tomawesuy, H.F. 3bipun, E.W. Kpu- 
Heykui, B.H. Enarnu, [.E. Bonotos. Hema- 
no 6bino w Takux, Kak E.W. Acbanacbes, 
.®. Bonga3nk, 4bu TanaHTbI v Cnoco6HocTH 
NONHOCTbIO pacKpbinucb B paborTe 3fecb. UV 
Ka)KbI TOA B COBEPWeHHO CeKpeTHyi0 Op- 
raHv3aynio NpuxoAuAN mMoNogbie cneyna- 
AMCTbI, 3AKAHYMBABLINE NYYWME MHCTHTYTbI 
CTpaHbl, rae B Te rogbl BeNacb NOAroTOBKa 
VHKEHEPOB-paKeTHMKOB. ByKBanbHO C 
nepsoro gua pabote! OKB-2 nonyyuno 
npwoputer B ux BbIGOpe, nosTOMy nonaga- 
AM ClOfa NMWb Cambie nyYwMe W TanaHTAM- 
Bble, OYeHb MHOrMe MONOAbIE Cneynanuc- 
Tbl CTanw CO BDeEMeHEM COPaTHMKaMn CBOe- 
ro y4uTena Ww pykoBogutena. Kak u 
N.1. [pywuu, OHM NonHocTbIO OTAaBanu ceba 


a Tevepanbubiii KOHCTpykTop nfl. [pywni 


Grushin’s missiles had to encounter 
the U-2 aircraft several times — in the air- 
space of Cuba, China and Vietnam. As a 
rule, the victories were won by the missiles. 

In Vietnam they had to encounter 
not only the U-2 aircraft. According to 
the plans of the transatlantic strategists, 
the war that was unleashed there in the 
summer of 1964, was supposed to become 
one of the triumphs of the American 
weapons, the Air Force in particular. 
American pilots were designated the task 
“to bomb the Vietnamese till they were 
back to the Stone Age.” And they were 
successfully carrying out that task, at 
least until the Soviet AD missiles 
appeared in Vietnam. The first duel of the 
S-75 missile system with the American 
Phantom aircraft on July 24, 1965, start- 
ed the unprecedented military competi- 
tion. It was the competition that result- 
ed in over a thousand downed American 
planes, as well as in the consent of 
America to give up massive bombings in 
Vietnam and start the negotiating 
process. 

By the end of that war, the new S-125 
missile system equipped with missiles 
developed by Grushin’s Design Bureau 
appeared in Vietnam. Featuring small size 
and weight, they were not only adopted for 
service with the ground AD units, but also 
became one of the basic means of the 
ship-based AD systems. Grushin used to 
strive for increasing the number of cus- 
tomers for his missiles. Developing any 
type of missiles he estimated the 
possibilities for their employment with 
the naval or ground forces. That is why 











flemp [pywiux u aguauuoHHeld KoXCmpyKmop Apmem Muxoas, 1968 2. 
Pyotr Grushin and aircraft designer Artyom Mikoyan, 1968 
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nopyyeHHomy Aeny. UMeHHO B rpyWUHCKOU 
“wkone” HaYWHanw CBOW NyTb B pa- 
KeTOCTpoeHuu G6ypyuiMi maBHbIA KOHCT- 
pyxtop B.B. KonackuH uw reHepanbHbii 
KOHCTpyKTop B... Cpetnos. 

Nepsow “npo6on nepa” ana OKB-2 cta- 
fa pa3pa6orka pakertbi 1] ana co3qaBas- 
wevica 8B KB-1 nepeAByoKHOW 3eHUTHON pa- 
KeTHOM Cuctembi C-75. ITM pakeTbi CO Bpe- 
MeHeM CTaM CBOerO pOfa BUZMTHOM Kap- 
TouKonK KB Ipywwha. MakcumanbHo BbICO- 
Kan 3PMeKTMBHOCTb pakeT NPM UX MMHH- 
Ma/IbHOU CTOMMOCTH MW NpocToTe B 3KCNAYya- 
Tal; pasyMHOe COYeTAaHMe OPUruHaNbHbIx 
pewWeHui C yKe XOPOWO 3apeKOMeHAOBaB- 
wunu ce6A; peanu3zauna TexHONorMn u3ro- 
TOBNeHMA C ONOPOK Ha HanGonee xopoBble, 
OCBOCHHbIE KOHCTPYKUMOHHbIe MaTepuvanbi 
M BbICOKONPOMZBOAMTeENbHbIe METOAbI UX 
o6pa6borkn — Bce 3TO Npegonpegenuno 6by- 
AYWY!O MHOFOTMpaKHOCTb paket [pywuxa. 

NepBan 3eHuTHaA paketa OKB-2 6bina 
NpWHATa Ha BOOpy)KeHHe B AeKabpe 1957 ro- 
fa. A 4Yepe3 rom ee co3qaTenu nonyyunn 
BbICOKMe Harpagbi: [pywuny 6bino npucBo- 
€HO 3BaHve fepon Couynanuctuyeckoro 
tpyga, OKB-2 Harpaguau oppexom Jlenuna, 
AecATKM paboTHMKOB npegAnpuatua nony- 
4unM OpAeHa u Megann. CneynanbHo gana 
Bpy¥eHna Harpag 30 pekabpa 1958 roga Ha 
npeanpuatve mpnexanu pykoBoguTenn 
ctpaubi H.C. Xpyujes uv JIU. Bpexues. 

B otnuyunve oT MHOrMXx Apyrux paker, 
“Har paKAeHHbIX” B Te rogbl, pakeTe 1] u ee 
mMoAudukaynaAMm ObiNa yroTOBaHa MHOrO- 
netHaa Goepan cnyK6a. Ee nepsbii Goeson 
nyck coctonnca 7 oxTA6pA 1959 ropa — B 
He6e Hag Kutaem eto 6bin COuT BbICOTHBIN 
camonet-pa3Bea4uk. A nepsy0 uenb B 
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flempa pywuna c 75-nemuem no3zdpasnrem mapwan apmunnepuu Magen Kynewose , 1981 2. 
Marshal of Artillery Pavel Kuleshov congratulating Pyotr Grushin on his 75th anniversary, 1981 
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Pa6ovee cosewanue, [lemp [pywux amopod cnesa, 1993 2. 
Working meeting. Pyotr Grushin is the second on the left, 1993 


He6e cBoew cTpaHbl paketa HacTurna 
16 HoA6paA 1959 roa oKono Bonrorpaga — 
e10 OKa3aNCA OANH U3 AMEPUKAHCKMX pa3- 
BEAbIBATENbHbIX BOSAYWHbIX Wapos, NeTeB- 
WMH Ha BbICOTe 28 KM. OgHaKO 3TM 3nK30- 
Abi, NpW BCeM CBOeM U3BECTHOCTH, KOHEYHO 
HM B KaKOe CpaBHeHue He MAYT C COObITH- 
em, KOTOpOe Npou3z0WwNO 1 maa 1960 roga 
y Cpepanoscka. 

“HeomkudaHHo A ycnbiwan enyxoll 
83pbI8 U yeuden OpaHKesoe CunHue. Camo- 
nem sdpye HaKnoHUNCA Bneped HOCOM U, 
KaKemcsa, Y He20 OMMOMUNUCbh KpblbA U 
xeocmosoe onepexue. [ocnodu, 8 MeHA No- 
nanu!.. TOYHO A He 3Hal0, 6 KaKOM nonoxe- 
Huu nadan mou Camonem, A BudeN BO BpemaA 
nadeHua monbKo Hebo...”, — Tak 06 3TON 
BcTpeye C pakeTOW paccKa3biBan NunoTH- 
popaBluinn CamoneT-wnnoH “SloKxng” U-2 
amepukKaHcKun neT4unK MpaHcuc May3pc. 

A Tak ropopun 06 3Tom cnyyae Mertp 
Omutpvesuy [pywuu: 

— flayapcy 8 o6fwem-mo nose3no. Pake- 


ma 6bina nyweHa B00z0H, a He HaBcmpeYy. 
[loasmomy, Ko20a oxa HaCMUena YeNb U B30- 
peandacb, ockonku ee 6oesoli yacmu nospe- 
Ounu camonem, HO OBu2amenb, CNOBHO 
uum, 3acnoHUN KabuHy nufAOMa, pa3zMe- 
WwWeHHy!0 B HOCOBOu YaCMU MaWUHbI, U Aem- 
YUK OCMA/ICA KuB. 

C pa3pequukamu U-2 rpywuHckum pa- 
KeTaM NPMWNOCb CTONKHYTbCA ele He pa3 — 
B Hebe Hag Ky6ou, Kutaem, BbetHamom. Ilo- 
6ena, KaK NPAaBUNO, OCTaBaNaCcb 3a pakeTON. 

Ho Bo BbeTHame MM fOBeNOCb CTONK- 
HYTbCA He TONbKO C U-2. HayaBwanca Tam 
netom 1964 roga BOWHa, NO 3aMbICNYy 3a- 
OKeaHCKUX CTpateros, AOMKHA Obina CTaTb 
OYepeAHbIM TPuyM@OM aMmMepuKaHCKOrO 
opyxKuA, W Npexkge Bcero — aBvaynn. f[le- 
peg aMepvkaHCKuMn NeTYNKamny Obina no- 
cTapneHa 3aga4a “BOOMOuTb BbeTHAMLEB B 
KaM@HHBIN BeK”. UV OHa YCNEWHO BbINONHA- 
NaCb, BO BCAKOM Cnyy4ae, AO Tex Nop, noKa 
Ha BbeTHAMCKOM 3emMNe HE NOABUNMCh CO- 
BeTCKNe 3CHMTHbIC pakeTbl. YKE NepBbIi 





TW revtepanvinii KOHCTpyxTop [1.f. [pywinn : 


the history of his missiles includes their 
employment in several “hot spots”, 
including the countries of the Middle 
East, South-East Asia, Africa and Europe. 
It was in the airspace of Yugoslavia that 
Grushin’s missile destroyed one of the 
notorious American F-117A Stealth air- 
craft in March, 1999. 

Having a great talent of a designer and 
engineer Grushin also possessed a unique 
intuition. It allowed him to confidently 
counter the traditional points of view, to 
advance and lead the employees of his own 
and some other design bureaus towards the 
implementation of original ideas. 

Grushin’s achievements in the develop- 
ment of missile weapons were constantly 


marked with the highest awards. In the 
winter of 1966, he was elected a member 
of the CPSU Central Committee; in July 
1966, he became a Full Member of the 
Academy of Sciences of the USSR. Within 
those years he turned out to be the only 
designer of military equipment who was 
promoted to such a high rank. This high 
recognition of his personal contribution 
gave him considerable advantages, and 
Grushin used them for achieving higher 
results in his work. His missiles designed 
in the 1960s for the S-200 AD system, Osa 
self-propelled system and Shtorm and 
Osa-M ship-based systems became impor- 
tant components of the Army, the Navy 
and the Air Defense of the country for 





flemp [pyuiun cpedu Koucmpyxmopoe MKB “@axen”, 1993 2. 


Pyotr Grushin with the Fakel’s designers, 1993 
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noeanHoK C-75 c amepukanckumn “DaHTo- 
Mamu”, cocTonBwuica 24 uiona 1965 roga, 
nonoxKus Hayano HEBMAAHHOMY AOCcene BO- 
CHHOMY COPeBHOBaHuWO. CopeBHOBaHHi, 
MaBHbIM pe3ynbTaTOM KOTOPOrO cTann He 
TOMbKO ThICAYM COUTbIX AMEPUKAHCKUX Ca- 
MONeTOB, HO M TO, YTO aMepMKAaHUb! Obi 
BbIHYKAeHbI OTKA3ZAaTbCA OT MaACCMPOBaH- 
HbIxX G6om6apguposok BbetHama u CecTb 3a 
cTon neperosopos. 

K KOHUY TOM BOMHbI Ha BbeTHAaMCKOU 
3EMNe NOABUNICA HOBbIN pakeTHbIM KOMNNEKC 
C-125, Takoke OCHALeHHbIN pakeTamn, CO- 
3QaHHbiIMu B KB [pywuHa. Otanyaswueca 
HeOONbWMMM pa3sMepamN M MaCCON, OHM 
CTaM HE TONbKO YaCTbIO Ha3@MHbIX CUCTeEM 
NBO, Ho W OAHUM 3 OCHOBHbIX CpeAcTB KO- 
pa6enbHow npoTuBoBO3AyWHOM O6OpoHb. 
[pywuk Bcerga CTpeMUNCA pacwMpuTb Kpyr 
3aKa34NKOB CBOMX pakeT. Co3qaBan m0byi0 
M3 PakeT, OH OL|EHMBaN BO3MO)KHOCTH UX 
VCNONb30BaHMA Ha KOpaOnax unn B Cyxo- 
NYTHbIX BOWCKaX. VMeHHO no3TOMYy CTONb 
HaCbILeHHb! Ovorpadun ero paket, KOTO- 
pbim BCerga XBaTano “ropAyUXx TOYeK”: B 
HOro-BocroyHon A3nu, Ha BaukHem Bocto- 
Ke, B Ad@puke unu Espone. VmeHHo B Hebe 
lOrocnasuu B Mapte 1999 roa pakera Ipy- 
WMHa NOCTaBMNa TOUKY B CyAbOe OAHOrO U3 
MPeECNOBYTbIX AMePMKAHCKUX CaMONeTOB- 
“HeBUAMMOK’ — F-117A. 

Umea OrpomHbin TanaHT KOHCTpyKTOpa 
W MWHKeHepa, [pywuH OOnagan ewe u yHu- 
KalbHOW uHTyuuMel. OHa no3Bonana emy 
YBEpeHHO MATH NpOTMB yCTaHOBUBWUXCA 
BO33PeHUM, CMENO ABMraTbCA Bnepeg UM Ha- 
npaBnaTb KONMEKTMB CBOerO (M HE TONbKO 
cBoero) KOHCTpyKTopckoro 6iopo Ha pea- 
AM3alMlO OPMrMHaNbHbIx wgen. 


Ycnexu Ipywuka B CO3AaHMM PakeTHO- 
TO OPy)KUA NOCTOAHHO OTMEYAaNMCb CaMbIMM 
BbICOKUMM Harpafamu. 3umMon 1966 roga 
OH 6bin u36paH 4YneHom LIK KNCC, B utone 
Toro Ke roga cTan akagemukom AH CCCP. B 
Te fOfbl OH OKa3aNCA EANHCTBEHHbIM U3 
Ppa3pa6oTYNKOB BOeHHONM TeXHUKH, AOCTUT- 
WMM CTONb BbICOKOTO 3BaHMA. BbicoKoe 
Mpv3HaHMe ero AMYHOrO BKNafa fAaBano 
Hemanble npevmyujectBa, KOTOpbie [pywuH 
MaKCMMasIbHO UCNONb30BaN ANA AOCTMKe- 
HUA YCNeXOB B CBOeM Alene. Ero pakeTbi ANA 
komnnexkcos [BO C-200, camoxoguHoro Kom- 
nnekca “Oca” uv KopabenbHbiIx KomnneKcoB 
“Wropm” uv “Oca-M”, co3qanHble B 60-x ro- 
Ajax, B TEYEHMe HECKONbKUX AeCATMNeTUU 
6bINW BaXKHbIMM COCTaBNAloWMMMH I1BO cTpa- 
Hbl, €@ apMUNu U nora. B Te Ke rob pake- 
Tbi [pyuiMHa CTanu YacTbiO CMCTeMbI NpoTH- 
BOpakeTHOM O6o0poHb! Mocksbi uv Mockos- 
CKOrO NPOMbIWNeHHOFO pawoHa. Ux yHu- 
KaNbHbIe Ka4eCTBa BO MHOFOM npefonpene- 
Wn HanpaBneHua pabot no = co3qaHuio 
HOBOFO MOKONEHMA 3CHUTHBIX PakeT. 

OT HOBoro noKONeHMA paket [pywuHa, 
pa3pa6oTKa KOTOpbIX Ha4YanaCb BO BTOpOH 
nonosuke 60-x rogos, notpe6oBanucb He 
npocto 6onee BbiCcoKMe xapakTepucTuKH, 
HO VM HOBbIe BO3MOKHOCTH. ITa paboTa, Ha 
KOTOpy!0 YWAO NOYTH NATHAALATb NET KU3- 
HM KOHCTpykTopa, CTana NOMCTMHE BbICO- 
yahwum B3neTom [pywnHa, B OYepenHou 
pa3 3aCTaBMBWMM 3aMepeTb B U3yMNeHUH 
BeCb “pakeTHbIM Mup”. 

Paketa, nonyyvBwan o603Ha4eHue 
5B55, npegva3Hayanach ANA ucnonb30Ba- 
HMA B COCTaBe Ha3eMHbIX M KOpabenbHbix 3e- 
HUTHbIX PaKeTHbIX CACTeM HOBOFO NOKONe- 
Hun, OObEAMHEHHbIX O6O3Ha4eHMeM C-300. 
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Pyotr Grushin, 1986 


several decades. In the same years, 
Grushin’s missiles became a part of the 
ABM system of Moscow and the Moscow 
industrial region. Their unique features 
have to a large extent predetermined the 
main trends of activities in the develop- 
ment of AD missiles of the new generation. 

There was a strong demand that the 
new generation of Grushin’s missiles, 
which were under development in the sec- 
ond half of the 1960s, had to feature not 
only better characteristics, but the new 
capabilities as well. This work took almost 
fifteen years of Grushin’s life and became 
his highest achievement, which amazed 








the entire “missile world” once again. 

The 5V55 missile was designed for 
employment with the ground and ship- 
based AD missile systems of the new gen- 
eration, designated S-300. Along with the 
solution of technical questions, the 
development of such missile put forward 
the unprecedented requirements con- 
cerning the missile maintenance by the 
minimum number of personnel and 
equipment, depreciation of its in-service 
period. Missiles were supposed to become 
real “cartridges” for the AD systems in 
the true sense of the word — without any 
privileges such as scheduled mainte- 
nance, special storage conditions, stor- 
age temperature and humidity, which 
previously had been provided for the mis- 
siles regarded as special and complicated 
technical items. 

Once again, Grushin refused the tradi- 
tional approaches and made a brave deci- 
sion. By that time, he had already formed 
his own “school” — the team of the like- 
minded experts possessing unique experi- 
ence in missile engineering. The work of 
that team could result only in a victory. In 
fact, Grushin was not entitled to any other 
results. 

The missile for the $-300 system has 
incorporated the most perspective con- 
cepts, technologies of designing and man- 
ufacture. Due to this missile, the employ- 
ment of modern computers has become 
the usual practice in the process of missile 
designing. Grushin was very much inter- 
ested in the computers and paid constant 
attention to them. He used all possible 
ways to provide the designers and engi- 
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Ee co3qaHve BbIBeNoO Ha NepBbii nnaH He 
TONbKO TEXHUYECKUE XAPAKTEPUCTUKH, HO 
HeBegomble paHee TpeOoBaHua no ee 06- 
CNYKUBAHUIO MUHMManbHOW 4YMCNeHHOC- 
TbiO NepcoHana uw KONMYeCTBOM OG6opypo- 
BaHUA, NO CHYKEHMIO CTOMMOCTH ee KN3- 
HEHHOFO UMKNa, PakeTbl He TONbKO Ha CNO- 
Bax AONKHbI Obinu CTaTb “natpoHamu” B Co- 
ctape KOMNNeKcoB. OHH gomkKHbI 6bInu 
CTaTb NaTpOHaMM B NPAMOM CMbICNe 3TOFO 
cnoBa — He Tpe6yiouyMmu pana ce6a HUKa- 
KUX JIbrOT B BUAe PermaMeHTHbIX NPOBeEpOK, 
KOM@OPTHbIX yCnoBu xpaHeHua, Temnepa- 
Typ, BNAKHOCTH, KOTOPbIe npexpe nonara- 
AMCb UM Kak OCO6O CNOKHbIM TEXHMYeCKUM 
v3zqenuam. 

3@Cb BHOBb NOTPeboOBaNUCb OTKA3 OT 
NPMBbINHOFO MW CMeNOcTb B BbIGOpe pewe- 
Huu. HO K 3TOMy BpemeHy y Ipywuna yxe 
6bina “wkona” — KOMaHfa eEAVHOMbIWINeH- 
HUKOB, BNafeBWaA YHMKaNbHbIM ONbITOM 
PpakeTHbIX pen. WU pe3ynbtatom paborol 
3TOW KOMAHAbI Morna ObITb TONbKO nobe- 
aa. Ha apyrow pe3ynbtat [pywu npasa 
He umen. 

Paketa ana C-300 Bo6pana B ce6a Ca- 
Mble NepCNeKTMBHbIe PeWeHNA, TeXHONO- 
ruMW NpOeKTMpOBaHuA MW NpoUu3zBOsCTBa. 
VUmeHHO C Hee B NpakTMKy NpoeKTupoBa- 
HUA pakeT BOWNM COBpeMeHHbie IBM. [py- 
WMH 6bIn 6yKBanbHO yeneYyeH MMM, yAenan 
MM NOCTOAHHOe BHUMaHHe. Bcemu poctyn- 
HbIMM fA Hero Cnocobamu OH AObbiBan He- 
O6xXOAMMbIe NpoeKTMPOBLIMKaM MM KOHCT- 
pyktopam JBM, KoTopbie co BpemeHeM CTa- 
JM OCHOBOM ANA CUCTeEM aBTOMAaTM3MpOBaH- 
HOrO MpOeKTMpOBaHuA UM NoO3sBONMAN B 


paket. Euwje OAHWM NpMHUMNMaNbHO HOBbIM 
HanpasneHuem B pabote “MaKena” ctano 
BHEAPeHve YHNKANbHOM KOMNNEKCHON CH- 
CTeMbI HA3EMHOUM OTPabOTKH pakeT... 

3a co3qaHue paketbi ana C-300 [py- 
WMH B 1981 rogy 6bIn BO BTOpON pa3 ypo- 
cToeH 3BaHuA Fepon Coynanuctuyeckoro 
Tpyaa. A ceo nocnegHiow Harpagy — 
cefbMonw OppeH JleHuHa — Ipywun nonyyun 





neers with necessary computers that in 
the course of time formed the basis for the 
automated design systems and enabled 
designers “to estimate” thousands 
of options of missile development 
within the shortest period of time. An 
introduction of a unique comprehensive 
system of missile ground testing 
became another fundamentally new aspect 





of the Fakel Engineering Design Bureau 
activities... 

In 1981, for the development of the 
S-300 missile Grushin was honored as a 
Hero of Socialist Labor for the second time. 
In 1986, for the development of the 9M330 
missile he received his last award — his 
seventh Order of Lenin. This missile is 
employed by the Tor self-propelled missile 





KpaT¥yanwue Cpoku “npocuutbiBatb” TbICA- 
4M Pa3NM4HbIX BaDMAaHTOB CO3faBaBlUXCA 


Alom tono20 mexHuxa 8 noOmMocKOBHbIx XumKax, 1990 2. 
House of Young Technicians in the town of Khimki, 1990 
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B 1986 roy 3a co3faHue pakeTbi 9M330. 
Ucnonb3ytounve ee CaMOXOAHbIN KOMN- 
nexc “Top” CyxonyTHbIX BOMCK WM KOpa- 
6enbHbli “KnuHOK” uw CerogHA He UMelOT 
aHasoros B Mupe. 

3a CBOWO KU3Hb Metp Amutpuesuy Ipy- 
WMH Chenan HEBEPOATHO MHOFO ANA COXpa- 
HeHMA Ge30nacHocTH Heba Hawen CTpaHbi u 
wecTMgecaTM Apyrux CTpaH mupa. Mo mep- 
Kam 6ypHoro XX Beka [pyWuH NpoKun He- 
BEPOATHO AONTy!O KU3Hb — NOTH 88 ner. V 
COPOK M3 HUX ObINO OTAAHO “Makeny”, cTaB- 
wemy Nog ero pyKOBOACTBOM OAHON M3 Be- 
AYUWIMX pakeTHbIX PUpM Mupa. 

Llenukom norpyxeHHbIid B paboTy, OH 
BCe Ke OCTaBancA NPM 3TOM YenoBeKOM 
3EMHbIM — C 4pe3BbI4aMHO WMPOKMM Kpy- 
TOM MVHTEPeCOB, OYEHb YYTKMM VM PaHUMbIM, 
YMeIOWMM BUAeTb BOKpyr Ce6A KUBbIX N10- 
fei. UmeHHo no3tomy nocne [pywuxa oc- 
Tanca He TONbKO “Maken”. Euje B cepeauHe 
80-x rogoB BCeM CTpaHe CTan U3BeCTEH He- 
OPAMHapHbIM NoctynoK [pywuHa, KOTOpbIN 
oTg#an HakONNeHHbIe WM B TeYeHNMe He- 
CKONbKUX eCATMNeTMA “aKagemMnyecKne” 
c6epexeHua Ha nocTpouKy B XumKax [loma 
HOHbIX TEXHUKOB. “ImuM # OMOAN Oakb CBO- 
emy /OHOWECKOMY yeneyeHUlO — aBuamode- 
nu3mMy, U OYeHb xo4y, YmObbI y MONOObIX 
XUMYQH NOABUNOCb GocmoliHoe mecmo OnA 
nodo6HbIx 3aHAmuUu”, — TAK NPOKOMMeHTH- 
pospan [pywuH cBoe peweHue. VU ceroqHa 
uma [pywnHa HEOTbBEMNeMO HE TO/IbKO OT 
Ha3BaHMA BO3MNaBNABWeFOCA MM Npegnpu- 
ATMA, HO M OT “MleTpogBopua”, Kak Hedop- 
MaflbHO HapeKnu KUTeENM XUMOK {lOM HOHbIX 
TEXHUKOB B NAMATb O BbIMalOWeEMCA KOHCT- 
pykTope w He3aypAgHom Yenosexe [letpe 
Amutpvesuye [pywuue. 





system (the Army) and the Klinok ship- 
based missile system that still have no 
analogs in the world. 

Throughout his life Pyotr Grushin made 
an incredible contribution to the air pro- 
tection of our country and sixty other 
countries of the world. Under the standards 
of the rough 20th century, Grushin’s life 
was incredibly long — almost 88 years. Out 
of them, 40 years were given to the Fakel 
Engineering Design Bureau that under his 
guidance became one of the leading mis- 
sile designing enterprises of the world. 

Even being entirely absorbed in his 
work, Grushin remained a person with 
extremely broad interests; he was a very 
sensitive and vulnerable person able to 
notice the people who surrounded him. 
That is why the Fakel Engineering Design 
Bureau is not the only enterprise that 
remained after Grushin. In the middle of 
the 1980s, the whole country became 
aware of Grushin’s golden deed — he gave 
all his “academic” savings (earned during 
several decades) for the construction of 
the House of Young Technicians in the 
town of Khimki. That was my tribute to the 
hobby I had when I was a young man - air- 
craft modeling, and I want the youth of the 
town of Khimki to have a proper place for 
similar activities, Grushin commented on 
his decision. Today Grushin’s name is 
inseparable not only from the title of his 
design bureau, but also from that of the 
House of Young Technicians informally 
named by the inhabitants of Khimki as 
Petrodvorets (Peter's Palace) in memory of 
Pyotr Dmitriyevich Grushin, an outstand- 
ing designer and an exceptional person. 
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Camonetpbi Netpa Amutpuesuya [pywuna Aircraft designed by Pyotr Grushin 








Jlezxomomopueii camonem “Oxma6peHok” 
Oktyabryonok light-motor airplane 
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Camonem-wmypmoeuk “L-mandem” 
Sh-Tandem attack aircraft 





Pexopduelii camonem “Cmanb-MAN” 
Stal-MAI record-breaking aircraft 
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Alanbxuti ucmpe6umenb conposomdexun “Ip-1” 
Gr-1 long-range escort fighter 





6bauxnud Gombapduposiyuk 66-MAN 
BB-MAI short-range bomber 
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XapakTepucTHKH CamoneToB, pa3spaOoTaHHbIx C y¥acTMeM uM Nog pyKoBogcTBoM I1.f). Ipywnna 
Aircraft Designed with Participation and Under Supervision of Pyotr D. Grushin (Basic Characteristics) 


Ha3spaHue Aircraft Qauna camonerta, 


Overall length, m 


Ctanb-MAU Stal-MAI 





Pa3max Kpbinbes, M MoujHocT’ pBuratena, KBT B3netHan macca, Kr Ckopoctb noneta, KM/4 fjanbHocr’ noneta, KM 


Wing span, m Engine power, kW Takeoff weight, kg Flight speed, km/h Max flight range, km 


Ao0/up to 5000 





Oxta6peHoK Oktyabryonok 











33 340 





lU-TaHgAem Sh-Tandem 


685 





BB-MAU BB-MAI 








770 





[p-1 Gr-1 





Modenu camonemos: ll/-mandem, 66-MAY, [p-1 
Models of aircraft: Sh-Tandem, BB-MAI, Gr-1 








2 x 1030 
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MKB “Maken”: nonBeka 
Ha nepeposBbix pyOexKax 


’ Se : Fakel Engineering Design 
\ Pr Bureau: At the Front Line 
. i - \ \ NS 


i for Half a Century 


———— 


Se 











O3faHHoe nonseka Ha3aq MKB “®Ma- cA 3kcnepvmeHTamM, Hay4HbIMM WM KOHCT- 
Ken” c Camoro Hayana 6bINo COpHeH- PyKTOpcKMMM ucCne~oBaHMaMH, OepeT Ha 
TMPOBAaHO Ha CO3faHMe pa3sNU4HbIx  CeOA PpONb Nugepa BO MHOFMX HanpaBneHn- 
BUAOB PakeTHOM TeXHMKH 4, BNepByiO —«-AX Pa3BUTMA PakeTHOM TeEXHHKH. PaboTaa B 


OY4epefb, 3EHUTHbIX YNPABNAEMbIX PaKeT. Koonepalwn C KOHCTPYKTOPCKUMK 610po uv 
Bce 3Tv rogbl npeanpuaTue BefeT WHTCH- NPeANPVATMAMM, NPOWZSBOAAWMMUM PaAno- 
CUBHbIM NOMCK HOBbIX peweHun, 3aHUMaeT- NOKAWUMOHHYIO TEXHMKYy MW CHCTEMbI ynpaB- 





Mauiunocmpoumenbxoe KoHCmpyxmopcxoe 6iopo “Maken”, enasHoe 30aHue 
Fakel Engineering Design Bureau, main building 


Paketp! “Makena” 


rom the moment it was set up half a 
century ago, the Fakel Engineering 
Design Bureau was oriented at the 
development of versatile missiles and 
rocketry, primarily the air defense guided 
missiles. Within all these years, the enter- 
prise has intensively been working at the 


new design concepts, carrying out experi- 
ments, R&D work, playing a leading part in 
many spheres of the missiles and rocketry 
development. Working in close cooperation 
with design offices and enterprises that 
produce radar equipment and control sys- 
tems, the Fakel Engineering Design Bureau 
has created several generations of AD mis- 
sile systems recognized all over the world as 
the best ones in this field. 

Currently, Fakel is a unique enterprise 
because it amalgamates such spheres as 
design, development of special technolo- 
gies, manufacture and testing, which 
allows the enterprise to create missiles 
and provide their full-scale testing fol- 
lowed by the series manufacture at mini- 
mum costs within the shortest period. 

Solving the most complicated scien- 
tific and technical problems of AD missile 
systems design became possible due to 
the successful work of highly skilled per- 
sonnel of the Fakel Engineering Design 
Bureau. The basis of the enterprise's via- 
bility was formed at the initial stage of its 
activities. At that very time, the head of 
the enterprise Pyotr Dmitriyevich Grushin 
began to carry out an effective personnel 
policy, which allowed him to unite quali- 
fied experts within the structure of his 
enterprise: missile specialists from Design 
Bureau #1, experts from the Experimental 
Aircraft Plant #293 and young experts, 
who graduated from the Moscow higher 
schools — Bauman Moscow State Technical 
University, Moscow Aviation Institute and 
a number of others. 

The combination of experience, tradi- 
tions of aircraft design offices and modern 
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neHun, MKB “Maken” co3pano HecKonbKO 
NOKONEHMH 3EHMTHBIX PaKETHbIX CpegcTs, 
MpW3HAaHHbIX BO BCeM mupe B KaYyeCTBe 
nyywux o6pa3zyos. 

HbIHEWHAR YHMKaNbHOCTb npeanpua- 
TMA 3AKMO4AETCA B TOM, YTO 3feCb B Opra- 
HWYECKOM CO4eTAHMM pasBUBaWOTCA KOHCT- 
PyKTOpckoe, CneuManbHoe TexHonoruyec- 
Koe, NPOM3BOACTBeHHOE UM UCNbITaTenbHoe 
HanpaBneHuA, ITO AaeT BOZMOKHOCTb CO- 
3faBaTb pakeTbl u O6ecneyMBaTb Ux KOM- 
nnekchy oTpaborky uw nocnepyoulee ce- 
PMAHOe W3roTOBNeHMe C MMHMManbHbIMK 
(byHaHcoBbimy 3aTpatamn MB KpaTYaiwue 
Cpokn. 

PeweHve cnoKHemwux Hay4HO-TexHU- 
4YeCKUX NpobNem 3eHMTHOM pakeTHOH Tex- 
HUKM CTano BO3MOKHbIM Onarogapa ycnew- 
HOW pa6oTe BbICOKOKBaNMdMuMpoBaHHOrO 
KoNeKTMBa Cneunanuctos MKB “®axen”. 
OcHosbi ero »*KM3HECNOCO6HOCTH 6bINN 3a- 
NOMKEHbI eule Ha HayYabHOM 3Tane peA- 
TEMbHOCTM KOHCTpykToOpcKoro 61opo. 
VmeHHo Torga ero pykosogutenb — Metp 
Amutpvesny [pywn cran nposogutb 3p- 
bektuBHy0 Kagposyo nonuTuKy, no3B0- 
AMBWYW OObeAMHNTb B COCTaBe npegnpua- 
THA KBANMUyMpOBaHHbIx CneyManucTos- 
paket4nkos u3 KB-1, pa6oTHuKos onbiTHo- 
fO aBMayMOHHOrO 3aBoga N° 293 u mo- 
NOAbIX CNeuMaNucToB, OKOHYMBWMX MOC- 
KOBCKHe By3b! — MBTY, MAU, MY, MMO vu 
PAA Apyrux. 

Cnnae 3 onbita, tpaguyni camoneto- 
CTPOMTENbHbIX KOHCTpyKTOpCcKUHx 6iopo u 
COBPEMeHHbIX 3HAHUM B Ccepe pakeTo- 
CTpOeHMA Aan KONNEKTMBY BO3MOXKHOCTE 
CO3QaTb CbupMeHHbI cCTunb MKB “Maken”, 
BadKHENWeN OCOBEHHOCTbIO KOTOpOrO CTano 


cTpemneHwe Cneywanuctos npeanpuatua: 

— K QOCTWKEHMIO MaKCMMaNbHO BbICO- 
KOM adektuBHocTH paket np ux MMHH- 
Ma/bHOM CTOMMOCTH mM NpocToTe B 3KCNny- 
aTayuu; 

— K MaKCMMa/bHO BO3MO)KHOMY yAOBne- 
TBOPeHMW TpebosaHuii 3akaz4uKa; 

— K pa3ymHOomy CoYeTaHulo OpuruHanb- 
HbIX KOHCTPYKTOPCKMX WM TexHONOrMYeCKHXx 
pewWeHun Cc yKe OTpaboTaHHbIMn. 

Cnegosanue 3Tomy crunw npegnona- 
rano He NpocTo ucnonHeHue TpeboBaHnii 
TeXHM4eCKOFO 3afaHua, a PopmMupoBaHue 
KOHWeNUMA WM HanpaBneHui co3qaHuA uv 
COBEPWEHCTBOBAHMA PaKeTHOH TeXHUKM Ha 
OCHOBe NMOCTOAHHOFO M BCeCTOpOHHero 
W3y4eHMA OTeYeCTBEHHOFO M MMpOBOrO 
OnbiTa pakeTOCTpoeHuA, ero pauMoHanbHo- 
ro yyeTa W NpegBocxnujeHuA TeHAeHUNi 
MCNONb3OBaHMA B CO3faBaeMbIX KOHCTPyK- 
\MAax pakeT HanOonee nepcneKTMBHbIXx pe- 
weHui. [pv 3Tom cneynanuctos “MaKena” 
Bcerfa OTNMYANM CaMOObITHOCTb, HeTpagn- 
UMOHHbIE NOAXOAb K PEWEHMIO CNOMKHDIX 
KOHCTPYKTOPCKMx 3aqa4, NPYBEPKeHHOCTb 
K MPMHATHWO CMeNbIX M HOBATOPCKMX pewe- 
HU“, NPOAYMAHHOCTb MH O6OCHOBaHHOCTb 
Np CO3qaHuM KadKAOrO 3nemeHTa paker. 

Nepsbie roabi npeanpuatue Bb ocHos- 
HOM 3aHMMaNOCb CO3QaHMeM 3eHUTHbIX 
ynpaBanembix paket Ana Bolick MBO ctpa- 
Hbl W ABMAUMOHHbIX yNpaBnAemMbIX pakeT 
Knacca “Bo3pyx-so3pyx”. B panbyeiwem 
pa6orbi no aBMayMoHHbim paketam 6binn 
3HAYMTENbHO COKPaujeHbl, MW HanpoTue, 
OHM WKHPOKO pa3BepHynucb no pakeTam 
ANIA 3EHMTHBIX KOMNNeKCOB BOCK MBO, 
Bolick MBO CyxonytHbix Bock, Kopabenb- 
HbIX Cpeacts [1BO, a take gna cuctem 


knowledge in the sphere of missile engi- 
neering allowed the personnel to create 
the enterprise style of the Fakel Engineer- 
ing Design Bureau. Its main feature is the 
aspiration of the personnel for: 

- achievement of maximum efficiency 
of missiles at their minimal cost and sim- 
plicity in operation; 

— maximum compliance with the cus- 
tomer’s requests; 

- reasonable combination of the 
newest design and technological decisions 
with those previously elaborated. 

This style featured not merely follow- 
ing the requirements of the request for pro- 
posal, but forming the concepts and direc- 
tions in building and modernizing the mis- 
siles and rocketry on the basis of perma- 
nent and comprehensive investigation of 
the domestic and world experience in mis- 
sile engineering, the rational consideration 
of this experience and anticipation of new 
trends, application of the most perspective 
concepts when designing the new types of 
missiles. At the same time, the Fakel experts 
were noted for their original nontraditional 
approaches to solving complex design 
tasks, for their courageous and innovative 
decisions, as well as for reasonable and 
well-grounded attitude to the development 
of each element of the missile. 

During the first years of its existence, 
the Fakel Engineering Design Bureau was 
mainly engaged in the development of AD 
missiles for our country’s Air Defense 
Forces and the air-to-air guided missiles. 
Later on, the works on the air-to-air mis- 
siles were considerably reduced, and the 
Fakel specialists focused on the develop- 


ment of missiles for AD missile systems of 
the domestic Air Defense Forces, for the 
Army AD units, for ship-based AD systems 
as well as for the ABM systems. Significant 
increase of the enterprise’s activity 
required the expansion of its structure. 
That is why in the 1960s, the branch 
design offices were set up at series pro- 
duction plants in Moscow and Kirov, and 
technological, manufacturing and testing 
services were developed at a high rate. 

All these facts made for the develop- 
ment of an original design school at the 
enterprise that had not been typical for 
the domestic missile engineering. The 
basic purpose of this school was the devel- 
opment of missiles surpassing the existing 
world analogs. 

The characteristic features of this 
school include: 

— systemic approach, which means that 
every missile is developed as a part of a 
missile system; in this connection, maxi- 
mum attention is paid to the requirements 
of the specialists who are developing the 
missile system. With this aim, the specific 
features of the future system are thor- 
oughly studied and close coordination 
with the missile system engineers takes 
place at all stages; 

— development of missiles at the high- 
est scientific and technological level that is 
achieved through the forestalling research 
works associated with solving both the 
fundamental and the secondary questions. 
In this respect, the advanced achievements 
in missile engineering are studied and put 
into practice, and constant cooperation 
with the organizations representing 
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npoTwBopakeTHOuW O6opoHbl. 3HayuTeNb- 
HOe pacWwMpeHve HanpaBneHui AeATeNb- 
HOCTM Npep”npuatTnA noTpebosano pacuwn- 
peHuA ero cTpykTypbl. Bot novemy B 
1960-x rogax 6binu oO6pa3z0BaHbI KOHCTpyK- 
Topckve 6iopo-dunnanbl, Ga3npoBaswue- 
CA Ha CepMiHbIx 3aB0Max B Mockse u Kupo- 
Be, MOWHOe pa3sBuTMe NOnyyunn TexHONO- 
rM4eCKue, NPOM3BOACTBeEHHbIe UM UCNbITa- 
TefbHble CnyKObI. 

Bce 3To o6ycnosuno dopmuposaHue 
Ha NpeANpuATMM PaHee HE CBOMCTBEHHOU 
OTEYECTBEHHOM MPOMbILNEHHOCTM KOHCT- 
PYKTOPCKOM WKONbI, OCHOBHOUM YeNbIO KO- 
TOpoW Gbino co3qaHue paket, npeBocxopA- 
WX NO CBOMM Ka4eCTBaM MMeBUIMECA B 
mupe akanorn. 

K oco6eHHOCTAM 3TOM WKONbI OTHOCATCA: 

— CMCTeMHbIM NOAxoA, NPM KOTOpOM 
KadKQaA paketTa pa3spabarTbiBpaerca Kak egu- 
Hoe Wenoe C KOMNNEKCOM pakeTHOrO Opy- 
KUA, NPMYEM NPM 3TOM MaKCMMaNbHO y4n- 
TbIBaKOTCA TpeOoBaHuMA CO3gaTeneH KOM- 
nnekca. C 3To Yenbio BefeTcA Camoe TLya- 
TenbHoe M3yyeHHe OCObeHHOCTen Gypyujero 
KOMNNeKCa, Ha BCeX 3TaNax ocywect- 
BNAeTCA TeCHOe B3aMMOfeuCcTBUe C ero 
pa3pa6orynkamn; 

— BbiINONHeEHMe pa3spaboTKH pakeTbI Ha 
CaMOM BbICOKOM Hay4HO-TeXHM4eCcKOM 
ypoBHe, 4TO AocTHraeTcA npoBegeHvem 
oneperkalouynx Hay4HO-MCCNefoBaTeNnbcKHx 
pa6or, CBA3aHHbIX C peWeHNeM KaK NPMH- 
UMNMaNbHbIX, TAK W YACTHbIX BONPOCOB. Npu 
3TOM HE TOMbKO M3y4AaIOTCA MW peanu3yloTcA 
HavOonee nepeposbie AOCTM)KeHMA PakeTO- 
CTPOeHMA, HO M BEAeTCA NOCTOAHHAA COBMe- 
cTHaa pabota C opraHu3ayMaMn M3 pasnuy- 
HbIX OTpacneii HayKM M NPOMbILUAeHHOCTH; 


Ee Paketbi “Makena” 


— 0co60e BHuMaHnue yfennetca npocto- 
Te uw ygo6ctTBy o6cnyKuBaHu” pakeT B BON- 
ckax. C 3ToH uenbiO opmupyioTca CooT- 
BeTCTByiOluMe TpeboBaHMA K CUCTemMaM 
KOHTPONA, K MAKCMMabHO BO3MOXKHOU Ha- 
Ae KHOCTH, K paspaboTKe meTogMK GbicTpo- 
ro yCTpaHeHua HeMcnpaBHocTen. B KoHeY- 
HOM cY¥eTe nogobHbIi no~xoA no3Bonun 
ccbopmuposatb u peanu30BaTb Ha Npegnpu- 
ATM KOHWENYMIO AOCTHKeHUMA rapaHTMpo- 
BaHHOW HafeKHOCTM PakeTHOW TEXHUKH; 

— CO3faHvVe KONNeEKTMBa eAMHOMbIW- 
NEHHUKOB, COCTOAWEFO M3 BbICOKONPOdec- 
CMOHANbHbIX M OTBETCTBEHHbIX CneuManuc- 
TOB, OpraHw3auMA UX APyKHOH M YeNeycT- 
PeMNeHHON paboTbi, HaNPaBNeEHHON TONbKO 
Ha OCTMKeHMe Tpebyemoro pe3synbTata; 

— TpeOopaTenbHOCcTb K pyKOBoAuTenAm 


Cmapm nepeoti 3exumHou paxems! MK6 “®axen” 
Launch of Fakel’s first AD missile 


various scientific and industrial branches 
is simultaneously exercised; 

— special attention is paid to ensuring 
simple and convenient maintenance of the 
missiles. With this purpose, certain require- 
ments are elaborated towards the monitor- 
ing systems, maximum reliability and tech- 
niques of quick correction of malfunctions. 
Such approach has finally enabled the 
enterprise experts to develop and put into 
practice the concept of achieving the guar- 
anteed reliability of missile systems; 

— setting up the collective of like- 
minded colleagues including highly pro- 
fessional and responsible experts; the 
arrangement of their concerted and pur- 
poseful activity aimed at the achievement 
of the required result; 


— exacting attitude to managers and 
executors of all levels, development and 
support of their reasonable initiatives. 

This school of the Fakel Engineering 
Design Bureau was founded and further 
developed by the head of the enterprise 
Pyotr D. Grushin; by the talented scientists 
and product engineers D. Tomashevich, 
N. Zyrin, Ye. Krinetsky, V. Yelagin, G. Bolo- 
tov. There also were such experts as 
I. Arkhangelsky, Ye. Afanasyev, B. Baldin, 
G. Bondzik, A. Dvoretsky, V. Zhestkov, 
G. Gnesin, A. Guzikov, N. Guzikov, F. Izmai- 
lov, V. Isaev, Ye. Iofinov, I. Karamyshev, 
A. Karaulov, V. Kolyaskin, B. Korablev, 
V.Sem. Kotov, V.Serg. Kotov, V. Krapivin, 
Yu. Krasantovich, Yu. Kresteshnikov, 
A. Kruglov, N. Kulagin, N. Kurbatov, F. Ku- 
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W UCNOAHMTeNAM BCeX ypoBHel, pasBuTue 
MW NOAMEPKKa UX pasyMHOK MHULMATHBbI. 
Y WCTOKOB CO3qaHMA WM BCeECTOPOHHeroO 
pa3BuTua Ha “Makene” 3ToK wWKONbI CTOANU 
pykosoguTenb npeanpuatna Netp [mutpr- 
epny [pywHk, M3BeCTHbIeE yYeHbie, KOH- 
CTPyKTOpbl, WHDKEHEPbI M OpraHu3aTopbl 
npou3BogcTsa, Takue, Kak f].J]. Tomawesuy, 
H.T. 3bipnu, E.W. Kpwreyknis, B.H. Enarun, 
[.E. Bonotos, a TakoKe Te, 4bu TanaHTbI M 
CNOCO6HOCTM NONHOCTbIO paCKpbINuCcb B 
pa6bote Ha “Maxene” —- VU.W. Apxanrenb- 
ckuh, E.M. AcaHacbes, B.M. Bangu, 
r.®. Bonasux, P.b. Baxxuxkos, B.T. Bacert- 
yeHkos, IJ]. fHecun, A.M. [y3ukos, H.J1. ly- 
3uKos, A.C. fpopeuxui, B.A. Kectkos, 
®.®. U3maiinos, B.N. Ucaes, E.C. Vodunos, 
V.A. Kapambiwes, A.B. Kapaynos, B.B. Ko- 
nackuu, 6.A. Kopa6nes, B. Cem. Koros, 
B. Cepr. Kotos, B.K. Kpanusun, 10.0. Kpa- 
canTosuy, 10.B. KpecrewHukos, A.M. Kpyr- 
nos, H.T. Kynarun, H.T. Kyp6atos, 9.C. Ky- 
newos, B.®. Kynewos, M.A. Jio6omyapos, 
B.B. MaHyesny, B.A. Mu3poxu, [1.H. Mopo- 
308, B.H. O3epuHuH, A.B. Nenuxosckui, 
5.f. Nynkos, f.E. Cadporos, B.f. Ceer- 
nos, A.V. Ceprees, B.E. Cno6oaa, A.M. Co- 
6ecckni, f.A. CraHesckui, H.V. Crenaxos, 
B.A. Cronapos, f.f. Terepun, B.W. Ywakos, 
O.M. Xumanpty, C.F. XutenKos, H.f. Wep- 
cTioK, A.f. Wnanak w mHorue, MHorve Apy- 
rue. Bnarogapa ux CaMOOTBeEp)KeHHOMy VM 
NOABMKHUYeECKOMY TpyAy, CeroAHA MO)KHO 
YBEPeHHO YTBEpkKAaTb, YTO pesynbrarbl, No- 
nyYeHHble B XOMe CaMOObITHbIX MW OpurH- 
HasIbHbIX UCCNeAOBAaHM B TaKMX OONacTAX, 
Kak AMHaMMKa NoNeTa, a3poraz0guHamnka, 
6annuctuka, acddektusHoctb, 6oprosbie 
CMCTeMbI yYNpaBneHuA MW NpnBoAbI, CraTM4e- 


Myzed MKB “®axen” 
Fakel’s Museum 


CKaA MW AMHAMMYeCKaA NPOYHOCTb NeTa- 
TENbHbIX annapaTosB, NPMKNagHaA MaTeMa- 
THKa MW Cne\uManbHoe nporpammupoBannue, 
cneuyManbHble MaTepvanbi, HA3eEMHaA OTPa- 
6oTKa NeTaTeNbHbIX annapaToB, HAXOMATCA 
He TObKO Ha YPOBHE MMpoBbIX AOCTMKe- 
HM, HO W NPeEBOCXOAAT MX NO MHOFMM Na- 
Ppametpam uM KpuTepuaM. 

Teopyeckui nouck cneuvanuctos MKB 
“Maken” no pagy Hanpasnexui npuobpetan 
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leshov, V. Kuleshov, 0. Khimanytch, S. Khi- 
tenkov, M. Lyubomudrov, V.Mantcevich, 
V. Mizrokhi, P. Morozov, V. Ozerinin, A. Pe- 
lihovsky, B. Pupkov, P. Safronov, V. Svetlov, 
A. Sergeev, V. Sloboda, A. Sobessky, 
G. Stanevsky, N. Stepanov, V. Stolyarov, 
N. Sherstyuk, A. Schlapak, D. Teterin, 
V. Ushakov, R. Vannikov, V. Vasetchenkov, 
whose talent and abilities began to flour- 
ish during their work in Grushin’s bureau. 





Due to their self-sacrifice and selfless 
work, today we may confidently state that 
the results received during the original 
research work in such areas as flight 
dynamics, aerogasdynamics, ballistics, 
operational efficiency, onboard control 
systems and drives, static and dynamic 
strength of aircraft, applied mathematics 
and special-purpose programming, special 
materials and ground tests of aircraft are 
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Xapaktep nugepcrsa. Tak, 8 O6nactw AuHa- 
MMKM NonetTa — 3TO NepcneKTMBHbIe NpMH- 
uMnbi HaBeAeHHMA Ha Wend M ynpaBneHua No- 
NeTOM 3@HMTHbIX pakeT. B aspora3z0qnHamn- 
Ke — pa3BMTMe AOCTMKEHMM OTeYeCTBEHHOU 
Vv MMpOBOW Hayku B Cpepe peann3aunu Tpa- 
AMUMOHHIX MW OPHrMHaNbHbIx aspopMHamn- 
yeckux cxem. B 6GannuctuKe — peanu3zayna 
OPMrMHaNbHbIX TpaeKkTOpHi nonera. B Asu- 
raTenectpoeHuw — MpwmMeHeHve pakeTHO- 
MPAMOTOYHbIX ABMraTene ANA 3CHUTHbIX 
paket, cuctem “xonogHoro” BsepTuKanbHoro 
crapta. B npon3BogqcTBe pakeTHOW TeXHUKU 
Vv MaTepwManoBefeHun — NPMMeHEHMe TeXHO- 
norui, paccuuTaHHbIxX Ha KPyNHOCepMiiHoe 
MW MaCCOBOe NPOU3BOACTBO pakeT, CO3AaHHve 
W MpMMeHeHve YHMKabHbIX MaTepHanoB uM 
TexHonornit ux O6paborTKn. 

B MKB “®aken” snepsbie 6binu npume- 
HeHbI NPUHUMNbI PyHKUMOHANbHO-CTOMMO- 
CTHOFO aHanv3a MW ONTMMM3aMM XapaKTe- 
pUCTMK paspabaTbiBaeMbIX pakeT, TO N03- 
Bonuno O6ecneynTb CO3MaHMe MaKCUMab- 
HO 3¢eKTMBHbIX CACTeEM NPM MMHMMaNb- 
HbIX 3aTpaTax. B pe3ynbTaTe, K CepeanHe 
1970-x rogoB CTano BO3MOXKHbIM BHEApe- 
Hwe Ha NpeANpuaTun CHCTeMbI aBTOMaTH- 
3MpOBaHHOrO NpoeKTMpOoBaHMA pakeT, 
o6ecneywsweh 3HayMTenbHOe ycKOpeHue 
aTux pabor. 

MKB “®aken” nepsbim BHeApuno: 

— NpwHyMnb! yHuduKayny paker, no3B0- 
AWBWKE UCNONb30BaTb YHuduuMpoBaHHble 
pakeTbl B CucTeMax WM KOMMNeKCaX Opy)KuA 
NBO pa3nu4nbix BUAOB BOOPyKeHHbIX Cu; 

— CaMOHaBefeHue pakeT C NOMOLIbIO 
PaQMONOKAyMOHHOM NoNnyakTMBHOH rono- 
BKM, 4TO 3HAYMTeNbHO yBeNM4MNO fanb- 
HOCTb ACMCTBUA PakeT; 


— KOHCTpyKUMOHHbIe peweHua, O6ec- 
neyvsuine HeOOxogumyto 3spekTHBHOCT 
AevcTBuA a3poAMHaMMY4eCKUx pynei pa- 
KeTbI NPW pa3NWM4HbIX BbICOTAaX M CKOPO- 
CTAX ee NoneTa — MeXaHW3Ma U3MEHEHMA 
nepegaToyHoro 4MCNa, NPyKMHHbIX Mexa- 
HM3MOB M pa3pe3HbIX aIpOAMHAMMYECKUX 
pynen; 

— a3pOAMHamuyeckue NoBepxHOCTH, 
packpbipaembie nocne CTapta pakeTbl, YTO 
NO3BONMNO 3HAYMTENbHO YMeHbULMTb raba- 
PMTbI pakeT B NPOWeCCe MX XPaHeHHA M Ha- 
XOMKAEHMA Ha NYCKOBOM yCTaHOBKe; 

— a3poquHamuyeckyio cxemy “yTKa” co 
CBOGOAHO BpallaiOuWMMCA KPbIbeBbIM 
6nOKOM, YTO faNO BO3MO)KHOCTb 3HayU- 
TeNbHO YMeHbWHTb BOSHMKalOu\Me Napa- 
3UTHBIC MOMEHTbI OT adIPOAMHAMMYECKHX 
CMM, a TaKKE YMCHbUIMTb MaCCy CHCTeMbI 
ynpasneuua np coxpaHenun ee addex- 
TMBHOCTH; 

— xpaheHue pakeT B TpaHcnopTHo-nyc- 
KOBbIX KOHTeMHepax, B KOTOPbIX NPOXOAMT 
BeCb UWKN WX CyWeCTBOBaHMA — OT COopKH 
Ha 3aBofe AO NyckKa; 

— NMpwmMeHeHHe pa3snN4HbIx BuAOB “xO- 
NOAHOrO” BePTMKaNbHOrO CTapTa pakeTbI 
M3 TPaHCNOpTHO-nycKOBOro KOHTeMHepa; 

— CMCTeMbI raz0qMHamMyeckoro ynpaB- 
NeHWA: Fa30BbIX Ppynei-3nepoHoB, Fa30- 
CTpyiHbIx CuCTeM, KOTOpbie OGecneynBaloT 
ObICTpbI BbIBOA PakeT Ha TpaeKTOpHW No- 
neta K Wenw MW AOCTM)KEHMe MUHMMaNbHOK 
6nwKHe rpaHnuybl 30HbI NOpaKeHuA; 

— MpwHUMN rapaHTMpoBaHHOW Haperxk- 
HOCTH pakeT, YTO O6eCcNe4MNO 3TMM TeXHH- 
YeCKM CNOKHbIM BUfZaM OpyKUA NpopON- 
XKMTeNbHbIE FapaHTMMHbIe CpoKM ux Gec- 
NpPOBeEPOYHON BONCKOBOH 3KCNAyaTauMN. 








not just on a par with the world achieve- 
ments, but surpass them by many parame- 
ters and criteria. 

Due to the creative research of its 
experts, the Fakel Engineering Design 
Bureau began to become a leader in a 
number of spheres. For instance, in the 
field of flight dynamics, we should men- 
tion the perspective principles of target- 
ing and flight control of AD missiles. In 
aerogasdynamics, it is the development of 
domestic and world science achievements 
in application of traditional and original 
aerodynamic schemes. In ballistics, it is 
the implementation of nontraditional fly- 
ing paths. In engine building, it is the 
employment of ramjet motors for AD mis- 
siles and cold vertical launch systems. In 
the spheres of missiles manufacture and 
science of materials, it is the application 
of technologies designed for large-scale 
and series production of missiles, develop- 
ment and application of unique materials 
and technologies for their processing. 

The Fakel Engineering Design Bureau 
became the first enterprise to use the 
principles of the function and cost analy- 
sis and optimization of characteristics of 
the developed missiles. It allowed the 
enterprise to develop highly efficient mis- 
sile systems at minimum costs. As a result, 
by the mid-1970s, it became possible to 
introduce the missiles’ automated design 
system that resulted in significant accel- 
eration of the design process at the enter- 
prise. 

The Fakel Engineering Design Bureau 
was the first to introduce: 

— principles of the missiles unification 


that has made it possible to employ the uni- 
fied missiles in AD weapon systems of vari- 
ous armed services of the Armed Forces; 

— homing of missiles with the use of 
semiactive radar homing head that has 
considerably increased the range of the 
missiles; 

— missile design specifications provid- 
ing required efficiency of the missile aero- 
dynamic control surfaces at different alti- 
tudes and speeds, i.e. the gear ratio con- 
trol mechanism, spring mechanisms and 
split aerodynamic control surfaces; 

— aerodynamic control surfaces unfold- 
ed after launch that allowed considerable 
reduction of missiles’ dimensions during 
storage and when fixed on a launcher; 

— canard aerodynamic configuration 
with free-rotating wing unit that result- 
ed in considerable reduction of para- 
sitic moments from the aerodynamic 
forces, as well as in weight reduction of 
the system control unit while retaining 
its efficiency; 

— missile storage in transporting- 
launching containers where the missile’s 
complete cycle takes place - from its 
assembly at a plant to the launch; 

- different types of cold vertical launch 
from the transporting-launching container; 

- gas-dynamic control system: gas 
vanes (ailerons), jet systems that quickly 
put the missile to a guidance path and 
ensure reaching the nearest range of the 
effective area; 

- principle of guaranteed reliability of 
missiles that provided this sophisticated 
type of weapons with long periods of gua- 
ranteed service life without maintenance. 
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3@HUTHbIe pakeTbI 
Ana BOUCK IIBO 


Missiles for the 
Air Defense Forces 








KB “Maken” (OKB-2) o6pa30Baxo 8 
cooTsetctsuuv c SoctaHopneHvem 
Coseta Muxuctpos CCCP or 20 Hoa- 
6pa 1953 roma N° 2838-1201 “0 co- 
3QaHMnK NepeABMKHOM CMCTeMbI 3eHUTHOFO 
ynpaBnaremoro pakeTHOrO OpyKuA ANA 
6opb6bi c aBvaynei npoTuBHMKa” (“Cucte- 
MbI-75”). UM@HHO 3TMM QOKYMEHTOM Ha No- 
cnegyioume gecaTunetua 6bino onpefene- 
HO MeCTO NpeANpuATHA Kak rONOBHOrO pa3- 
pa6oTunka 3eHMTHbIX yNpaBNAeMbIX PakeT 
ana Bouck MBO. 
B npoyecce pa6orbi Hag “Cuctemoi-75", 
a TaKKe WB fAanbHenwem, npw co3qaHuM 
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Paxema 1] Ha nonuzoue, anpenb 1955 2. 
1D missile at a firing range, April 1955 


po. ee _Pakerbi “Makena” 


3@HMTHBIX PakeTHbIX Cpeacts gana MBO 
cTpaHbi, MKB “Maken” TecHo B3anmogenct- 
Bosano c KB-1 (KB “Crpena” — UKB “An- 
ma3” — HMO “Anma3” um. A. Pacnnetuuxa), 
cTaBwero frONOBHbIM paspaboT4nKom cuc- 
tem MBO. 

Paketa 19] ana “Cuctembl-75” ctana 
cpoero pofa BM3MTHOK KapToYKOon 
MKB “®aken”. Ecnw ycnexy B co3qaHuu 
60NbWMHCTBa 3NeEMeHTOB CucTemMbI CnOCcob- 
CTBOBaNO WMpOKOe MCNONb30BaHMe MHO- 
rMX TEXHMYECKMX PewWeHKi, pahee OTpabo- 
TaHHbIX Ha Cucteme C-25, To ana Toro, 4TO- 
6bi cozpaTb pakety 1f, 8B MKB “Maken” 6bin 


he Fakel Engineering Design Bureau 
was set up in compliance with 
Resolution #2838-1201 of the 
Council of Ministers of the USSR of 
November 20, 1953, On the Development of 
a Mobile Surface-to-Air Guided Weapons 
System Intended for Combating Enemy 
Aircraft (Sistema-75). It was this docu- 
ment that determined the role of the 
Design Bureau as the leading designer of 
surface-to-air missiles for the national AD 
Forces for decades to come. 
In the process of working on Siste- 
ma-75, as well as in the course of develop- 





ing other AD missile weapons for the 
national AD Forces, the Fakel Bureau 
worked in close cooperation with the 
Design Bureau #1 (Strela Design Bureau — 
Almaz Central Design Bureau — Almaz 
Research and Production Association 
named after A. Raspletin,) which has 
become the leading designer of AD sys- 
tems. 

The 1D missile intended for the 
Sistema-75 has become some sort of a rep- 
resentative product of the Fakel Bureau. It 
was the extensive use of many technical 
solutions earlier tested in the S-25 system 
that facilitated the successful develop- 
ment of the majority of the system's com- 
ponents; but in order to create the 1D mis- 
sile, the Fakel engineers developed and 
later successfully implemented a series of 
breakthrough technologies. They includ- 
ed: a two-stage missile scheme with a 
solid-propellant booster and a sustainer 
stage fitted with a liquid-propellant 
engine, an upgraded method of guiding a 
missile to a target, firing a missile at an 
angle from a launcher laid in the direction 
of a target, use of a normal aerodynamic 
configuration of the missile, etc. As a 
result, the missile made by Fakel turned 
out to be half as heavy as the missiles used 
in the S-25 system, while retaining practi- 
cally the same kill zone against aerial tar- 
gets as the S-25 missiles, both in terms of 
range and altitude. 

In December 1957, the first AD missile 
made by the Fakel Engineering Design 
Bureau designated 1D (NATO reporting 
name SA-2 Guideline), was adopted by the 
national AD Forces and the Army Air 
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Boicomupii camonem-pa3zeed4uK RB-57D, c6bumbili pakemamu 3PK C-75 8 oxmabpe 1959 2. 
RB-57D high-altitude spy aircraft downed by S-75 AD system in October 1959 


NPWHAT MB AaNbHeiwem ycnewHO peann- 
30BaH PpAQ NepefoBbix ANA Toro BpemeHH 
TeXHM4eCKUX peweHHi. B Tom 4ncne AByx- 
cTyneHyaTaA CxemMa pakeTbl C TBepsOTON- 
AMBHbIM YCKOpuTenem WM MapweBOu cTyne- 
HbiO C KPI, ycopepweHcTBOBaHHbI MeTOA 
HaBeeHMA PakeTb! Ha eNb, HAKNOHHbIM 
cTapT C HaBOAMMbIX B HanpaBneHun Yen 
NYCKOBbIX YCTAHOBOK, HOPMa/ibHaA azpopn- 
Hamuyeckan Cxema UT... B pe3ynbtate, pa- 
Keta MKB “@aken”, npw npakTuyecku opn- 
HaKOBOW C pakeTou cuctembi C-25 30HOK 
NOpakeHMA BOZAYWHbIX YENeM NO AaNbHO- 
CTW W BbICOTe, NONyYMNacb NoYTH BABOe 
nerue. 

B geka6pe 1957 roga nepsan 3eHuT- 
Han paketa MKB “®aken” nog o603Ha4e- 
Huem 1f] (SA-2 “Guideline” —- no Knaccu- 
tbukaynn HATO) 6bina npuHata Ha BOOpy- 
*eHMe BOKCK [BO crpanbi u MBO Cyxonyt- 
HbIX BOCK. [o3Ke Ha NPeg~NpuATHH U B ero 
@unnanax co3qanw pag mogndukayni 





g ; 3eHMTHbIe pakeTbI ANA Bolick nBO | Ms 


3TOH pakerbi (11f], 13, 200] u T.g.), KoTo- 
pble HAXOAMNMCh M HAXOAATCA Ha BOOPyKe- 
HUM AeCATKOB rocyfapcTs mMupa. B HeKOTO- 
pbix crpaHax — Kutae, Erunte, Upake u 
Apyrux — Takoke NpOBOAMNaCcb ee MOAeEpHu- 
3auMA. 

Paketbi KomnneKca C-75 nepsbimu B 
mMupe nopa3vnuM peanbHoro BO3AyWHOrO 
NpoTMBHMKa. Bnepsbie 3TO npon3z0wnO 
7 okta6pa 1959 roma B Hebe Hag KuTaem, 
Korga 6bin cOut BbICOTHbIN CamoneT-pa3- 
Beaynk RB-57D. 

A 1 man 1960 roga oKkono ropoga 
Ceepanoscka 6bin cout amepuKaHCKui Ca- 
mMoneT-pa3Bequuk “Jlokxug” U-2 c nunotom 
®.T. Nayapcom. 

ApKouw crpaHuuei B 6Guorpadun paket 
Komnnekca C-75 crano ux ucnonb3oBaHne 
BO BPeMA BOMHbI BO BbeTHame. Tam, HaYMHaA 
c 24 ulna 1965 roga, umn 6binu yHu4ToKe- 
Hbl THICAYM aMepMKAaHCKMx GombapgAuposuyn- 
KOB, WTYPMOBMKOB U UCTpebuTenei. 


Defense. Later, a series of modifications of 
the missile were developed by the Fakel 
Bureau and its subsidiaries; the 11D, 13D, 
20D and other versions have been in serv- 
ice with dozens of countries worldwide. 
Some countries, such as China, Egypt, Iran, 
etc. have also upgraded this missile. 

The S-75 system missiles were the first 
missiles in the world to have engaged a 
real enemy aerial target. It first happened 
on October 7, 1959, in the airspace of 
China, when a RB-57D high-altitude spy 
aircraft was downed. 

On May 1, 1960, the Lockheed U-2 spy 
aircraft piloted by F. Powers was downed in 
the Sverdlovsk area. 

Another bright chapter in the history 
of the S-75 system missiles was their per- 
formance during the war in Vietnam. 
Starting from July 24, 1965, these missiles 
destroyed over a thousand US bombers, 
fighters and attack aircraft in Vietnam. 

The 5V24 two-stage solid-propellant 
short-range missile (NATO reporting name 
SA-3 Goa), the development of which 
began in 1956, has become equally far- 





famed. Originally, the missile was designed 
for the M-1 shipborne AD missile system. 
However, later a decision was made to use 
the missile as a prototype for a unified AD 
missile intended both for the M-1 ship- 
borne system and for the S-125 mobile AD 
missile system used by the AD Forces. 

Attaining such a complex objective 
became possible due to the use of exclu- 
sively solid-propellant engines for this 
missile, as well as to a significant downsiz- 
ing of the missile itself. The latter was 
obtained by mounting on the missile 
booster the stabilizing fins that would 
unfold after launch. Simultaneously, the 
Fakel designers managed to make the mis- 
sile compatible with shipboard and ground 
guidance and control systems, with launch 
mounts, as well as with other types of 
equipment and support devices. 

The 5V24 missile that entered opera- 
tional service in June 1961, was later 
repeatedly upgraded. Its different ver- 
sions were successfully used during the 
hostilities in Vietnam and in the Middle 
East. They have been very highly praised 


Camonem-pa3sedyuk “/loxxud” U-2, c6umbiii @ Mae 1960 2., u e20 O6n0mKU Ha BbICmasKe 6 MocKBe 
Lockheed U-2 spy aircraft downed in May, 1960, and its fragments exhibited in Moscow 
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Cronb Ke WMPOKyO M3BECTHOCTb nony- 
yuna pAByXCTyneHYaTan TBepgoTONAMBHaA 
paketa manow panbHoctTu 5B24 (SA-3 “Goa”— 
no Knaccugukaunn HATO), co3faHue Ko- 
Topo Hayanocb B 1956 rogy. U3sHayanbHO 
3Ta pakeTa pa3paGaTbiBanacb ANA KOpa- 
6enbHoro 3PK M-1, oghako no3xKe 6bino 
MpWHATO pewWeHHe O CO3MaHMM Ha ee OC- 
HOBE YHUMUUMPOBaHHOM 3eHMTHOM pake- 
Tbl, KOTOpaA MOra Obi NPHMEHATECA KaK B 
coctase KopabenbHoro KomnneKkca M-1, 
Tak WB CocTaBe NepegBwKHoOro 3PK C-125 
Bolick MBO. 

PeweHue CTONb CNOKHOM 3aga4u CTano 
BO3MOMKHbIM OnarogapA MCNONb30BaHUW Ha 
3TOH PakeTe TONbKO TBEpAOTONAMBHbIX 
ABMraTeNbHbIxX YCTAHOBOK, a TakoKe — 3HAa4M- 
TeNbHOMy YMeHbWeHMIO rabapuToB camou 
pakeTbi, ANA Yero 6binw npMMeHeHbI pac- 
KpbiBaemble nocne cTapta cTa6unu3arTopel, 
yCTaHOBMeHHbIe Ha yCKOpuTene pakeTbl. 
Mpw 3Tom KoHCTpykTopam MKB “®aken” 
yAanocb o6ecneyuTb COBMECTMMOCTb pake- 
Tbl C Ha3@MHbIMM MW KOpabenbHbIMM CUCTe- 
MaMM HaBegeHMA MW ynpaBneHMA, NycKoBbI- 
MM YCTaHOBKaMM, pa3snu4Hbim O6opygoBa- 
HMeM WM BCNOMOraTeNbHbIMM CpeAcTBaMu. 

MpwHatan Ha BOOpyxkeHve B MIOHE 
1961 roga paketa 5B24 8 panbHeiwem He- 
OAHOKpaTHO MogepHu3upoBanace. Pa3nu4- 
Hble €€ BapMaHTbI C yCnexXOM NPMMeHANMCE 
B GoeBbix AeicTBuAx BO BbeTHame Mu Ha 
BnawkHem Boctoke. OHw nonyyunu camyio 
BbICOKYIO OW@HKY BOeHHbIX, TEXHMYeECKMX 
cneumanncros, fa MW MMpHbIx KuTeNed. Mlo- 
CNeAHMM NO BpemMeHM CTano uCcnoNb30Ba- 
He 3TUX PaKeT NPM OTpadKeHMM BO3AYWHON 
arpeccun npotms Wrocnasuu B 1999 rogy. 
OgHuM 3 CaMbIX 3€NOMHMBWMXCA 3NK30- 





EC Pavers “anena” 


fos TOK BOMHbI Gbino yHMYTOKeHHe pake- 
Tow 3Toro Tuna uctpe6utena F-117A, co- 
3aHHOrO C MCNONb3OBaHMeM TeXHONOrMM 
“Crenc”. 

Paketa 5B24 (kak w ee Mogudukaunn), 
CO3faHHan Ha 6a3e TEXHM4eCKHX PeweHUi, 
OTpa6oTaHHbix ANA NepBbIX OTEYECTBEHHbIX 
3@HMTHBIX PaKeT, 3KCNMyaTMpyeTCA yKe B 
TeyeHNe HECKONbKMX AeCATMNeTHH. UV Tem 
He MeHee, NO CBOMM 3KCNNyaTalMOHHbIM 
noka3aTenam OHa Npwemnema Ana ucnonb- 
30BaHMA B COCTaBe COBPeMeHHbIX CpeACTB 
NBO. 3to o6cTosTenbcTBO NO3BONAeT B Ha- 
cTonujee BpemA BeCTM paboTbi NO ee MO- 
AepHu3ayMn ANA noAgepxKaHua GoeBbix 
Bo3smoxKHocTen 3PK C-125 Ha yposHe, KO- 


Paxembi 3PK C-125 
Missiles for S-125 AD missile system 


by military and technical experts, as well as 
by the civilians. The latest employment of 
these missiles took place in 1999 when 
repelling the air aggression against 
Yugoslavia. One of the most memorable mo- 
ments of that war was the downing of a 
F-117A Stealth fighter by this type of missile. 

Just as its modifications, the 5V24 
missile, based on the engineering solu- 
tions that had been tested in the first 
Soviet-made AD missiles, has been in oper- 
ation for several decades. Nevertheless, its 
performance characteristics make the mis- 
sile quite acceptable for use with the AD 
Forces. This has made it possible to con- 
tinue upgrading the missile even nowa- 





days, thus maintaining the S-125 AD mis- 
sile system’s kill potential at a level that 
conforms to the present-day requirements 
of combating air attack weapons. Today, 
Fakel implements a program aimed at 
upgrading this type of missiles, which will 
make it possible to increase the efficiency 
of their use against aircraft, helicopters 
and high-precision missile weapons, both 
modern and the ones currently under 
development. 

Research into the implementation of 
ramjets for the 17D, 18D and 22D AD mis- 
siles conducted in the 1950s and 1960s, 
has left a noticeable mark in Fakel’s histo- 
ry. The Engineering Design Bureau became 
a trailblazer in using ramjets for the 
abovementioned type of missiles. 

The first launch of the 17D two-stage 
missile fitted with a solid-propellant sus- 
tainer ram rocket engine designed by the 
Fakel specialists, took place on January 23, 
1960. In the course of flight tests, the 
missile with a working sustainer achieved 
a maximum speed of Mach 3.7. 

A number of innovative - for that 
period of time — configuration solutions 
were implemented in the design of the 
18D. In particular, its rocket-assisted 
take-off motors, made of magnesium 
alloys, were housed inside the rocket- 
motor tube and served as supplementary 
propellant for the engine. 

The subsequent work along these lines 
resulted in the creation of the 22D three- 
stage missile. The missile was fitted with 
an engine pack consisting of four ramjets, 
including both the solid-propellant 
(designed by Fakel) and the liquid-propel- 
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TOPbiI OTBEYaeT COBPEMEHHbIM TpeboBaHH- 
am 6opbObi Co cpegctBamu BO3AyWHOrO Ha- 
nageHua. Cevyac 8 MKB “Maken” sbinon- 
HACTCA NpOrpamMMa MOfePHUM3ayMN PakeT 
3TOFO THNa, YTO NO3BONMT NOBbICUTb 3)- 
(PEKTMBHOCTb WX UCNONb3OBaHMA NpOTHB 
COBPeMeHHbIX M NePCNeKTMBHbIX Camone- 
TOB, BEPTONETOB MW BbICOKOTOYHbIX pakeT- 
HbIX CpeAcTB. 

3ameTHbIN Cneg B uctopun MKB “@a- 
Ken” 8 1950-e — 1960-e rogbi octaBunn UC- 
CNeAOBAHMA NO UCNONb3OBaHUW B 3CHMT- 
HbIX pakeTax 17f], 18], 22] paketHo-npa- 
MOTOYHBIX ABUraTeMbHbIX YCTAaHOBOK. 
Mpeanpuatue crano nwovepom B O6nactn 
VCNONb3OBaHMA NOAOGHbIX ABUraTened ANA 
pakeT MaHHOro KNacca. 

23 aHBapa 1960 roma CocToanca nep- 
BbIM MyCK ABYXCTyNeHYaTOM pakeTb! 17/], 
OCHAWeEHHOW MapweBbIM TBepAOTONNMB- 
HbIM PaKeTHO-NpAMOTOYHbIM pBMraTenem, 
pa3paOoTaHHbiImM CneuManuctamu “Dake- 
na”. B npowecce neTHbIx ucnbITaHui pake- 
Ta C paboTaiouywm mapwesbim p”BMraTenem 
Aocturna cKopoctn 3,7M. 

B paxete 18/1 6bin peanu30BaH pag HO- 
BaTOPCKUX — NO TOMY BPeMeHM — KOMNOHO- 
BOYHbIX peWeHuUi. B YacTHOCTH, ee CTapToBbie 
yCKOPUTeNM, H3FOTABNMBaBLUMeCA M3 MarHie- 
Boro CnnaBa, pa3sMelaNuCb BHYTPM Kamepbi 
PaKeETHO-NPAMOTOYHOSO ABMraTeNA VM CAYKU- 
WM AONONHMTENbHbIM FOPIONUM ANA Hero. 

MpogomkeHue pabort 8B 3TOM HanpaB- 
NeHMM NpwBeNo K CO3f4aHulO TpexcTyneH- 
yaTonu paKerb! 22/1, KoTopan Obina ocHawe- 
Ha 6NOKOM 3 YeTbIPexX paKeTHO-NPAMOTOY- 
HbIX ABUraTenei, KaK TBEPAOTONAMBHbIX 
(paspa6otaHHbix B MKB “®aken”), Tak uv 
*KUAKOCTHbIX (paspaboTKn KB M. Boxga- 








Paxema 3PC C-200 @ My3ee Poccuticxod Apmuu 
Missile for S-200 AD missile system in the Russian Army Museum 


pioka). Ha ucnbiITaHvAx, NPOBOAMBWMXCA B 
cepeanHe 60-x rogos, paketa 22f] poctur- 
na ckopoctn 4,8M, 4To ANA TOTO BpeMeHU 
ABNANOCb 3HAYMTENbHbIM JOCTM)KEHMEM. 
Ewe OfHa Ba)KHaA Bexa B MCTOpMu Npep- 
NpwuATMA — CO3faHve paket AVIA CUCTeMbI 


3eHMTHbIe pakeTbi ANA BOKCK MBO 





lant ones (designed by the M. Bondaryuk 
Design Bureau). In the course of the test- 
ing held in the mid-1960s, the 22D missile 
achieved a maximum speed of Mach 4.8, 
which was a considerable achievement at 
the time. 


Another important milestone in the 
history of the Fakel enterprise is the devel- 
opment of missiles for the S-200 long- 
range system. A pressing demand for such 
system arose in the late 1950s, with the 
advent of thermonuclear weapons and 
intensive development of missiles and 
supersonic aircraft. First of all, the 
research into the missile intended for the 
S-175 mobile system was carried out. The 
study made it possible to establish the 
core technical prerequisites that allowed 
solving the complex scientific-technical 
and engineering tasks posed by the devel- 
opment of a long-range AD missile. These 
tasks were carried out in full in the 5V21 
missile designed for the S-200 system. 

In compliance with the original speci- 
fications, the missile was supposed to 
engage aerial targets beyond the range of 
150 km and moving at a speed of up to 
3,500 km/h at altitudes of up to 35 km. To 
make it able to engage targets at such dis- 
tances, it was decided, for the first time in 
the history of national missilery, to use 
semiactive radar homing guidance. A num- 
ber of other innovative technologies were 
also used. 

The 5V21 (SA-5 Gammon) missile that 
entered operational service in February 
1967, allowed the national AD Forces to 
reach a qualitatively new level. The devel- 
opment of the long-range missile and its 
later modifications with the effective range 
of up to 300 km became one of the main 
factors that brought about changes in aeri- 
al operations tactics, which was vividly 
demonstrated in the military conflicts of 
the 1970s and 1980s. 
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6onbwon panbHocTu C-200. Notpe6xoctTb B 
TaKOW CMCTeMe BO3HMKNa M Npvobpena oco- 
6yl0 akTyaNbHOCTb B KOHUe 1950-x rogos, C 
NOABNEHVMEM TEPMOAAEPHOrO OPyKMA VM MH- 
TEHCMBHbIM Pa3BUTMeEM CBePpX3BYKOBOU 
aBMauMn Ww ynpaBnaembix paket. Mpexge 
Bcero 6binv npoBegfeHbI uCcCNeAOBaHMA NO 
pakete Ana nepeaBuxKHOK cucTembi C-175. 
OHM NO3BONMAN BbIABUTb OCHOBHbIe TeXHH- 
yeckve npegnocbinkuw, Ha 6a3e KOTOpbIXx 
CTan BO3MO)KHbIM nepexog K peWeHHtO 
CNOMKHbIX HAaYYHO-TEXHMYECKMX MW KOHCTPYK- 
TOPCKUX 3afa4, CBAZAHHbIX C CO3QaHNeM 3e- 
HUTHOU pakeTbi HonbwoK AanbHOCTH. B non- 
HOM O6beme 3TH 3aga4n Obinnw peann30BaHbl 
B pakete 5B21 ana cuctempi C-200. 

B COOTBeTCTBUM C NepBOHavaNbHbIMM 
Tpe6oBpaHnamu, pakeTa AonKHa Obina no- 
pa)KaTb BO3AYWHbIe WENN, HAXOMALIMECA Ha 
anbHOCTAX CBbIwe 150 KM vw ABMraloWMeca 
co ckopoctamu fo 3500 KM/uac Ha BbICO- 
Tax 40 35 Ko. fina nopadkeHua Yenen Ha Ta- 
KOM faNbHOCTM BNepBble B NpakTHKe OTe- 
YeCTBEHHOFO pakeTOCTpoeHua 6bINo Npu- 
MeHEHO CaMOHaBefeHve C NOMOLIbIO pa- 
AMONOKAWMOHHOM NONyaKTMBHON FONOBKH. 
OgkospemeHHo O6bin ucnonb30BaH uM pAg 
Apyrux HoBweCcTB. 

MpwHatan Ha BOOpyKeHMe B Pespane 
1967 roga pakxeta 5B21 (SA-5 “Gammon”) 
no3Bonuna BoucKam TBO ctpaHbi AOcTM4b 
Ka4eCTBeEHHO HOBOrO ypoBHA. Co3qaHue 
fjanbHOOOMHON pakerTbi u ee nocnepyioulMx 
MOANMMKAauM, AMEBWUMX faNbHOCTb AeuCT- 
BuA QO 300 KM, — OAMH M3 MaBHbIx PakTo- 
POB, 3ACTABMBWUX MW3MEHMTb TAKTMKY BO3- 
AYWHbIX ONepaynu, 4YTO HarnmAgHO Npose- 
MOHCTPMpOBanW BOeHHbIE KOH@AMKTHI 
1970-x — 1980-x ronos. 


Paxetbi “Makena” 
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Nyckosan ycmavoexa 3PC C-300/1MY c paxemamu 48H6 


S-300PMU AD missile system launcher with 48N6 missiles 


B Hon6pe 1991 roga ofMH M3 BapnaH- 
TOB 3TOK pakeTbi CTan NepBou B MUpe pake- 
Toh-nabopatropuei, Ha 6opty KoTOpON Obin 
VCNbITaH NepBbIN B MMpe BOAOPOAHbIN ru- 
nN€p3BYKOBOM NPAMOTOYHbIN BOZAYWHO-pe- 
AKTMBHbIN ABMTaTeNb, COZMaHHbIM CNeuMa- 
nuctamu LleHTpanbHOro MHCTMTYTa aBMaun- 
OHHOrO MOTOpOCTpoeHna (LIMAM),. 


In November 1991, one of the missile’s 
versions became the first in the world 
laboratory missile used to test the world’s 
first hydrogen scramjet designed by the 
Central Institute of Aviation Motors 
(Russian acronym TsIAM) specialists. 

The 1970s and 1980s became the time 
when Fakel conquered new heights in 


technology. It was then, that the Fakel 
Bureau developed a series of unified AD 
missiles intended for use with the S-300P 
(SA-10 Grumble) and the Rif shipborne AD 
missile systems, as well as with their later 
modifications. These missiles are the most 
outstanding representatives of a new gen- 
eration of AD missile weapons. 
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1970-e — 1980-e rogti ana MKB “®a- 
Ken” — BpeMA WTyPMa HOBbIX BepWwHH. 
VUmexHo Torma Ha npeanpuatun co3paHa 
CepuA YHM@uuMpOBaHHbIx 3CHMTHbIX pa- 
KeT, MPeAHasHAyeHHbIX ANA UCNONb30Ba- 
HWA B cocTaBe cuctembi fIBO C-300N 
(SA-10  “Grumble”), Kopa6enbHoro 
3PK “Pug” wv wx nocnegyiouwnx Mo_uduKa- 
uni, JTW pakeTbi — Hanbonee apKue npep- 
cTaBuTenw HOBOrTO NOKONeHMA 3eHMTHOFO 
pakeTHoro opykua. 

B npouecce co3qaHua pakertbi 5B55 — 
nepsow B 3TOM Cepwu — Ha NpegnpuaTuu 
ry6oKo npoaHanu3upoBann Becb npepbi- 
AyWMh onbiT, y4nw TeHfeHUMM pa3zBuTHA 
PakeTHOW TeXHUKH B MMpe. MpoBegeHue 
3HAYMTeNbHOFO O6bemMa MCCNeAOBaHU NoO- 
Tpe6osanocb Ana Toro, YTO6bI CO3faTb pa- 
KeTy, MMEI0LYIO: MAHMManbHOe Bpema pe- 
aku; NoBbIWweHHy!o GoeroTOBHOCTb; Mu- 
HUMaNbHYy!O OnMKHIOIO rpaHMuly NyCckKa; BbI- 
COKyIO MOMeXO3aUJMUeHHOCTb; cnocob- 
HOCTb BbINOMHATb CBOM SYHK\MM B N0ObIX 
NOFOMHbIX MW KNMMATMYeCKUX yCNnOBMAX; 
MaKCMMasIbHY!O CKOPOCTPeNbHOCTb; BbICO- 
KylO 3KCNNYaTAaWMOHHYyIO HafeKHOCTb; npo- 
ctyto cuctemy nepe3apagknu. O6napan Bce- 
MM 3TMMM Ka4eCTBaMy, pakeTa AOnKHa ObI- 
Na TaKKe ONTMMANbHO OTBeYaTb TpeboBa- 
HMAM KpynHOCcepmiHoro npou3BoOsCTBa. 

Co3qaHue pakerbi, o6nagaiowen cTronb 
Pa3HOpOpHbimu, a 3a4acTylO M NpoTMBOpe- 
4YUBbIMM CBOUCTBaMM, NoTpeGoBano nepe- 
CMOTpa yKe YCTOABWMXCA NOAXOAOB K Npo- 
@KTMPOBAHMO 3CHMTHbIX PakeT, BCeCTO- 
POHHEro KpuTUuY4eCKOrO aHann3a 3TMX NoOp- 
XOQ0B, UCNONb3OBaHMA NPMHYMNMANbHO 
HOBbIX TEXHUYECKMX, KOHCTPYKTOPCKMX 
TexHonoruyeckux peweHni. OgHum u3 


_ i 3eHMTHbIe pakeTbI ANA BOuCK IIBO 


BayKHEMWUX AOCTMKEHMM CTano CO3QaHve 
TpaHCNOpTHO-nyckKoBoro KOHTenHepa (TMK) 
ANA pakeTbl, B KOTOPOM NpOxOg_MT BeCb 
UWK ee CyuleCTBOBaHMA — OT COOpKH Ha 3a- 
Boge AO nycka. Uccnegosas sce Bugbi 
crapta w3 TMK, “Maken” nponsun cebs 
NOANMHHbIM NMOHEpOM, NpHMeHMB KaTa- 
nynbTupyiowee ycTpoiicrBo Ana o6ecneye- 
HMA BEPTMKaNbHOrO CTapTa pakeTbI M3 KOH- 
TetHepa. UmeHHo Takou cnoco6 nycka 6bIn 
BbiOpaH ana 5B55 u ee nocnepyiounx Mo- 
Andukayni. 

Oco60 cnegyetT oTMeTHTb BnepBbie 
peanu30BaHHbI B OTEYECTBEHHON pakerT- 
HOW TeXHMuKe NpMHUMN ObecneYeHuaA ra- 
PaHTMpOBaHHOKW HafeXKHOCTH pakeTbi B 
TeyeHve BCero cpoka 6ecnpoBepoyHon 
3KCNAyaTauMn B BOUCKAaX MW Ha nore. 

B 1979 ropy 5B55 npuxata Ha Boopy- 
*eHHe. ITO COObITHe CTaNo Ha4anom pagn- 
KabHoro nepesoopykeHua Bolick MBO 
cTpaHbl. Bo3moxKHocTw Bolick MBO ewe 
6onbwe BO3pocnM Nocne NpMHATHA Ha BO- 
opyxeuHve B Ha4yane 1990-x rogosB cnepyw- 
wen 3eHUTHOM ynpaBnAeMOH pakeTbl, pa3- 
pa6otaHHoW B MKB “Maken”, — 48H6. No 
cpoed KOHCTpyKyuu 48H6 aHanorn4Ha 
5B55, umeeT npakTMyeckn paBHble C Hei 
ra6aputb! uv maccy. foctaTouHO cka3aTb, 
4TO ANA ee 3KCNNyaTauMM UCNONb3yeTCA 
unnvnaApuyeckun TMK Tex Ke pa3mepos. 
Oguako xapaktepuctuku 48H6 3HayuTenb- 
HO BbiWe, YeM y NPeAWECTBEHHMUbI: NOYTH 
BABOe BO3POCNa AaNbHOCTb noneTa, yBenn- 
4unaCb IPeKTMBHOCTb NOpayKeHUA CaMbIX 
pa3HOoOpa3Hbix Yenel, B TOM 4uCNe TaKTH- 
4eCKUX MW ONepaTMBHO-TakTMYeCcKHX Gannu- 
CTM4eCKHX pakerT. 


In the course of creating the 5V55 
missile — the first one in this series — the 
Fakel specialists carried out a thorough 
analysis of all previous experience and 
took into account the current trends in 
the missilery development. Considerable 
research was required to develop a missile 
featuring minimum response time, advance 
readiness, minimum close launch zone 
limit, high jamming immunity, all-weather 
and all-climate operability, maximum rate 
of fire, high operational dependability, and 
simple reload procedure. Besides, the mis- 
sile was supposed to be perfectly suited for 
mass serial production. 

The development of a missile possess- 
ing such dissimilar, and even conflicting 
characteristics required that traditional 
approaches to designing AD. missiles be 
subjected to a comprehensive critical 
analysis and revised. Fundamentally new 
technical, design and engineering solu- 
tions were to be used. One of the most sig- 
nificant achievements was the develop- 
ment of the transporting-launching con- 
tainer in which the missile is kept 
throughout its entire life cycle — from the 
assembly to the launch. Fakel proved to be 
a genuine trailblazer, once it was decided 
to use a catapult to accomplish a vertical 
launch of a missile from the container. 
This is the launch technique that was cho- 
sen for the 5V55 and its later modifica- 
tions. 

One should specially note the princi- 
ple of guaranteed reliability of the missile 
throughout the entire period of its service 
life in the Army and the Navy, when the 
missile does not require any maintenance. 


For the first time in the national missilery 
this principle was incorporated in the 
design of the 5V55. 

In 1979, the 5V55 was adopted for 
service. This marked the beginning of a 
major rearmament of the national AD 
Forces. The potential of the AD Forces 
increased even more, when another AD 
missile designed by Fakel, the 48N6, 
became operational in the early 1990s. In 
terms of design, the 48N6 is similar to the 
5V55: overall dimensions and weight of 
the two missiles are virtually the same. 
Suffice it to say that the 48N6 uses a cylin- 
drical transporting-launching container 
with similar dimensions. At the same time, 
the 48N6 can boast of much better per- 
formance characteristics than its prede- 
cessor: its flight range has expanded 
almost twofold, and its kill effectiveness 
against various types of targets, including 
the tactical and theater ballistic missiles, 
has also increased. 
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3PK C-75. 3enutHaa ynpaBnaemaa paketa 1] 





S-75 AD missile system. 1D guided missile 








eCHUTHaA ynpaBnaeman pakeTa cpeg- 

Hew fanbHocTw 1f] npefHa3Ha4eHa 

ANA NopakeHMA Pa3sNN4HbIx CpeACTB 

BO3AYWHOFO HanafeHMA: CamoneToB 
CTpaTeru4eckOn WM TaKTMYeCKON aBnaynn — 
B WAPOKOM AMana3oHe ycnoBui ux Goeso- 
ro npumMeHeHMa. 

1f] npeactasnaet co60W aByxctynen- 
YaTyl0 pakeTy, BbINOMHEHHYIO NO HOPMasib- 
HOW aIPOAMHAMMYECKON Cxeme, C YCTAHOB- 
JI@HHbIMM B NeEpeAHed 4YaCTH pakeTbI AeECTa- 
6unu3aTopamu. 

CrapT pakeTb! — HaKNOHHbI, C NyCKO- 
BOW YCTaHOBKU, HABOAMMON NO yrny M a3u- 
myTy mecta. YnpasneHnue nonetom uv HaBe- 
feHve Ha YeNb OCYUIECTBNAIOTCA NO paguo- 
KOMaHgaM, KOTOpbie NOCTyNaioT OT Ha3eM- 
Ho cTaHuMM HaBefeHna. NMogpbis Goeson 
YaCTM NPOM3BO_MTCA Np No”NeTe K Yen 








no KOMaHAe paguosB3pbiBatena nu6o no 
KOMaHfe, noctynaiowek OT Ha3eMHOU 
CTaHUMM HaBefeHnA. 

Mepsas cryneHb 1f] — TeepgoTonnus- 
HbIM pakeTHbIM ABUraTeNb C yCTAaHOBNeH- 
HbIMM Ha HeM CTaOunu3aTOpamu, BTOpAaA 
CTyMeHb OCHAaljeHa MKMAKOCTHOM ABMra- 
Te/bHOM YCTAHOBKONM C HACOCHOM CucTeMon 
nogayWv KOMNOHeEHTOB TONNMBa B ABMTa- 
Tenb. KOHCTpykTHBHO MapweBaA CTyNeHb 
1f] coctowT u3 pasa OTCeKOB, B KOTOPbIXx 
pacnonoyKeHbl: pagMoB3pbiBaTenb, OCKO- 
nNO4HO-yracHan 6boesan YacTb, 6noKn 
6opToson annapatypbi, Gakn C KOMNOHeH- 
TaMM TONAMBA, KUMAKOCTHKIM pakeTHbI 
qsuratenb, arperatb! ynpasneHua pynamu 
pakeTbl, NPHEMHMK KOMaHA ynpaBneHna. 


he 1D medium-range missile is 

intended to engage various air 

attack weapons including strategic 

and tactical aircraft in a wide range 
of their combat use. 

The 1D is a two-stage missile employ- 
ing a normal aerodynamic scheme with 
canard surfaces mounted in the fore part 
of the missile. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is det- 
onated in proximity to the target either by 
a command from a radar fuze or by a com- 
mand from a ground guidance radar. 

The first stage of the 1D is a solid- 
propellant rocket engine with stabilizing 


fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
1D missile consists of a number of sections 
housing a radar fuze, a HE fragmentation 
warhead, onboard equipment units, pro- 
pellant tanks, a liquid-propellant rocket 
engine, missile control surface actuators, 
and a control command receiver. 
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Paxema 1{] neped nepsbim nyckom, anpenb 1955 2. 
1D missile before its first launch, April 1955 
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- fModzomosxa paxembi 14] k ucnbimaxuaM 
1D missile prepared for tests 


2. flodzomoska « 3apa»KaHuW nycKoBol ycmaHoeKu 
Launcher ready for loading 


3. flozpy3ka paxems! 1/] Ha mpaxHcnopmuyo mawuHy 
Loading 1D missile on the transportation vehicle 


| 4. Paxema 1f xa nonuzone 
1D missile at a firing range 


5,6,7. Cmapm paxemsi 14] 
Launch of 1D missile 
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3PK C-75. 3eHuTHaA ynpaBnnemaa paketa 119] 


S-75 AD missile system. 11D guided missile 











anbHewwee pa3BuTve pakeTb 1f]. 

OcHoBHbIM HanpaBneHvem mopepHn- 

3AM pakeTbI CTano yBenuyeHve TA- 

rv ee Mapwesonu ABMraTeNbHOH ycTa- 

HOBKM. ITO NO3BONMNO yBeNn4UTb 
30HY NOpaKeHWA BO3ZAYWHbIX Yene no 
AaNbHOCTH HM BbICOTe. 

119] npeactasnsert co6oh asyxctynen- 
YaTylO PpakeTy, BbINONHEHHY!O NO HOpManb- 
HOW a3pOAMHAMMYeCKON Cxeme, C yCTaHOB- 
JIeHHbIMM B NepeAHed YaCTH pakeTbi AeCTAa- 
6unu3atopamy. Crapt pakerTbi — HaKOHHbIii, 
C NYCKOBOM YCTaHOBKH, HABOAMMON No yrny 
Mv a3MmyTy mecta. YnpasneHue nonetom u 
HaBefeHve Ha YeNb OCyUeECTBNAIOTCA NO 
PagMoKOMaHAaM, KOTOPbie NocTynalwT OT 
Ha3@MHOW CTaHuMM HaBegeHuaA. Moppbis 
60eB0K YacTH NpoM3BOAMTCA NPM Nog”NeTe 
K enw NO KOMaHAe pagnos3pbiBatena nu- 


60 no KomMaHfe, noctTynaiowei oT Ha3em- 
HOW CTaHUMM HaBepeHua. 

Nepsaa cryneHb 11] - teepgotonnus- 
HbIM PakeTHbIN ABUTAaTeNb C yCTAHOBNEHHbI- 
MM Ha HEM CTaOunu3aTopamy, BTOpaA CTy- 
Ne€Hb OCHAUeHa MKMAKOCTHOUW ABMraTenb- 
HOW YCTaHOBKOM C HACOCHOM CucTemon no- 
a4 KOMNOHEHTOB TONAMBa B ABMraTeNb. 
KOHCTpyKTMBHO MapweBaA cTyneHb 11] 
COCTOMT M3 PAA OTCEKOB, B KOTOPbIX pac- 
NONOMKeHbI: PaAMOB3pbiBaTenb, OCKONOY- 
HO-dyracHan 6oesaa Yactb, 6noKu G6oprto- 
BOW annapatypbi, Gakv c KOMNOHEHTaMU 
TONAMBAa, KMAKOCTHBIN PakeTHbIM ABura- 
Tefb, arperaTbl ynpaBneHuA pynAMM pake- 
Tbl, MPMEMHUK KOMAHA ynpaBneHua. 

PakeTa BbINyCKanacb B pa3NU4HbIx MO- 
Avudukaynax, B Tom 4ucne 11fA, 11), 
112M. 
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he 11D is a modernized version of 

the 1D missile. It featured the sus- 

tainer engine thrust augmentation 

that allowed increasing the kill zone 
of air targets in range and altitude. 

The 11D is a two-stage missile 
employing a normal aerodynamic scheme 
with canard surfaces mounted in the fore 
part of the missile. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is det- 
onated in proximity to the target either by 
a command from a radar fuze or by a com- 
mand from a ground guidance radar. 

The first stage of the 11D is a solid- 
propellant rocket engine with stabilizing 


fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
11D missile consists of a number of sec- 
tions housing a radar fuze, a HE fragmen- 
tation warhead, onboard equipment units, 
propellant tanks, a liquid-propellant rock- 
et engine, missile control surface actua- 
tors, and a control command receiver. 

There were several modifications of 
the missile, including the 11DA, 11DU, 
11DM versions. 
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. Modzomoexa paxemoi 114 k mpaxcnopmuposBKe 


11D missile being prepared for transportation 


. lodzomoska paxemb! 114] kK Bbigo3y Ha CmapmoByw no3zu4uN 


11D missile prepared for moving to a launcher 


. Jaepy3Ka paxem 11] 8 eepmonem MH-6 


Loading 11D missiles into MI-6 helicopter 


. 3aepy3Ka pakem 114] @ camonem AH-12 


Loading 11D missiles into An-12 airctraft 


. Paxema 114] 80 BoemHame 


11D missile in Vietnam 


. Cmapm pakempi 114 


Launch of 11D missile 


. Namamuuk paxeme 11f] Ha nonueoxe “Awynyk” 


11D missile memorial at Ashuluk firing range 


3eHuTHbIe pakeTbI ANA BOCK MBO 
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3PK C-75. 3enutHaa ynpaBnaemaa pakerta 13f] 


S-75 AD missile system. 13D guided missile 





a3BuTue Cepunu paker 1f] uw 1191. Oc- 

HOBHbIM HanpaBneHvem mofepHi3a- 

4M CTano UCNONb30BaHuHe Ha pakeTe 

6optosod paguoannapatypyi apyroro 
4aCTOTHOFO AMana30Ha, 4YTO NO3BONMNO 
o6ecneyuTb ee Gonbwyw nomexo3aun- 
WEHHOCTb. 

13] npeactasnanet co60i aByxctynen- 
4aTylO pakeTy, BbINONHEHHYyIO NO HOpManb- 
HOM aIPOAMHAMMYeCKON CxeMe, C yCTaHOB- 
NeHHbIMM B NepeAHen YaCTH pakeTbI AeCTAa- 
6unuzatopamu. 

Crapt paketb! — HaKnOHHbI, C nycKo- 
BOK YCTaHOBKH, HaBOAMMOH NO yrny uM a3H- 
myTy mecta. YnpasneHue nonetom uv HaBe- 
AeHMe Ha YeNb OCyUIeCTBNALOTCA NO pagvo- 
KOMaHAaM, KOTOpbIe NOCcTynaWT OT Ha3en- 
HOW CTaHuMM HaBegeHua. Mogpbis 6oeson 
4aCTH NpOM3BOg_HTCA NpK NopNeTe K Yen 


no KOMaHAe paguoB3pbiBaTena nu6o no Ko- 
MaHge, NOCTyNalouWen OT Ha3eMHOM CTaH- 
\Wn HaBegeHua. 

Nepsaa ctyneHb 13f] — teepgoronnns- 
HbIM PakeTHbIM ABUraTeNb C yCTaHOBNeHHbI- 
MM Ha HEM CTa6unn3aTopamu, BTOpaA CTy- 
Ne€Hb OCHAUeHa KMAKOCTHOM ABUraTenb- 
HOW YCTaHOBKOH C HACOCHOM CuCcTeMol no- 
Aa4W KOMNOHEHTOB TONAKMBa B ABUraTenb. 
KoHCTpykTMBHO MapweBaA cTyneHb 13f] 
COCTOMT M3 pAfa OTCeKOB, B KOTOpbIx pac- 
NONOKeHbI: PagMoB3pbiBaTenb, OCKONOY- 
HO-yracHaa 6oesaa yactb, 6noKu 6opro- 
BOM annapatyppl, Gaku c KOMNOHeHTaMM 
TONAMBA, XKMAKOCTHBIN paKkeTHbIN ABura- 
TeNb, arperatbl ynpaBneHua pynamu pake- 
Tbl, MPMEMHMK KOMaHg ynpaBneHua. 

PakeTa BbinyCKanaCb B pasnMyHbIx MO- 
Audukaumax. 





he 13D is a modernized version of 

the 1D and 11D missiles. It featured 

the use of different frequency band 

with the onboard electronic equip- 
ment that allowed increasing its jamming 
immunity. 

The 13D is a two-stage missile 
employing a normal aerodynamic scheme 
with canard surfaces mounted in the fore 
part of the missile. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is det- 
onated in proximity to the target by a com- 
mand either from a radar fuze or from a 
ground guidance radar. 

The first stage of the 13D is a solid- 


propellant rocket engine with stabilizing 
fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
13D missile consists of a number of sec- 
tions housing a radar fuze, a HE fragmen- 
tation warhead, onboard equipment units, 
propellant tanks, a liquid-propellant rock- 
et engine, missile control surface actua- 
tors, and a control command receiver. 

There were several modifications of 
the missile. 
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- flodzomosxa pakembi 134] k nycky 








13D missile being prepared for launch 


+ [puemHux so3dywHo20 OaaneHua 


Pressure head 


- Kpbinbesod 6n0x mapwesol cmynexu 


Sustainer control surface unit 


. Azpodunamuyeckue pynu 


Aerodynamic control surfaces 


. Cmapmospiii ychopument 


Booster 


. Paxembi 134 xa napade Ha Kpacroii nnowadu 


13D missiles at a parade (Red Square, Moscow) 
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7,8,9. Paxembi 13 80 spema Goeabix deiticmeuti Ha BauxHem 
Bocmoxe (Ezunem, 1973 2.). Ha domo 8 8 yenmpe paxembi 5B24 


13D missiles’ combat employment in the Middle East 
(Egypt, 1973). Photo 8, center: 5V24 missiles 
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ny6okan MofepHu3auna pakertbi 13/1. 
MofepHu3auna npoBogunacb Cc UuC- 
nonb3oBaHvem 6onee coBepweHHon 
6optoBow paguoannapatypti, 6oes0- 
rO CHapAXKeHMA, CTapTOBOK MH MapweBOn 
ABMraTeNbHbIX yCTaHOBOK. ITO No3BONMNO 
YBENUYUTb 30HY NOpaKeHMA BO3SAYWHDbIX 
yeneii NO AaNbHOCTH Ui BbICOTe, Obecne4uTb 
6onbwWyl0 NMOMeXO3aLMUJeHHOCTb PakeTbi, 
NOBbICMTb IPeKTMBHOCTb NOpPaKeHUA HU3- 
KONETALIMX MW BbICOKOCKOPOCTHbIX Yenei. 
20 npeactasnnert cob6oi psyxctyneH- 
YaTyiO pakeTy, BLINOMHEHHYWO NO HOpMasb- 
HOM aIPOMMHAMMYECKON Cxeme, C yCTaHOB- 
N@HHbIMM B NepesHen YaCTH pakeTbi AECTAa- 
6unu3zaTopamn. Ynpasnenue nonertom H Ha- 
BeMeHMe Ha UeNb OCYWIECTBNAIOTCA NO pa- 
AMOKOMaHAaM, KOTOPbIe NocTynaiwT OT 
Ha3@MHOW CTaHuMM HaBegeHua. Mogppis 
6oeBonK YacTH NpoM3BOAMTCA NPM nog~NeTe 





SWE ravers: “anena” 


S-75 AD missile system. 20D guided missile 





K WeNM NO KOMaHAe pagnos3pbiBaTena NV- 
60 no KOMaHge, NocTynaiowleW oT Ha3eM- 
HOU CTaHUMM HaBepeHnA. 

Nepean ctyneHb 20f] — taepgotonnus- 
HbIM PaKeTHbI ABMTaTeNb C yCTAHOBNeHHbI- 
MM Ha HEM CTabunu3zaTopamy, BTOpaA CTy- 
M@€Hb OCHAUeHa MKMAKOCTHOM ABuraTenb- 
HOW YCTaHOBKONW C HaCOCHOW CUCTeMOn NO- 
fav KOMNOHEHTOB TONNMBa B ABMraTeNb. 
KOHCTpyKTMBHO MapweBan cTyneHb 20] 
COCTOMT M3 PAsa OTCeKOB, B KOTOPbIX pac- 
NONOMEHbI: PagvoB3pbiBaTenb, OCKONOY- 
HO-cbyracHan 6Goesaa YacTb, 6noKn Gopto- 
BOM annapatypbi, Gakv C KOMNOHeHTaMH 
TONNMBa, MKMAKOCTHBIA PakeTHbIN ABMra- 
Tefb, arperaTb! ynpaBneHuA pyNAMN pake- 
Tbi, NPAEMHMK KOMAHA ynpaBneHna. 

PakeTa BbiInyCKaNaCb B pa3/M4HbIX MO- 
Avdukaynax, B TOM 4ucne 20fMA, 202M, 
20AY, 20AC, 20ACY. 


he 20D is a radically modernized ver- 

sion of the 13D missile. It featured 

the use of upgraded onboard elec- 

tronic equipment and armament, 
booster and sustainer propulsion plants 
that allowed increasing the kill zone of air 
targets in range and altitude, the missile’s 
jamming immunity and its effectiveness 
against low-altitude and high-speed 
targets. 

The 20D is a two-stage missile 
employing a normal aerodynamic scheme 
with canard surfaces mounted in the fore 
part of the missile. The missile is fired at 
an angle from a launcher laid in elevation 
and azimuth. Missile flight control and 
guidance are accomplished via radio 
commands from a ground guidance radar. 
The warhead is detonated in proximity 
to the target by a command either from 


a radar fuze or from a ground guidance 
radar. 

The first stage of the 20D is a solid- 
propellant rocket engine with stabilizing 
fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
20D missile consists of a number of sec- 
tions housing a radar fuze, a HE fragmen- 
tation warhead, onboard equipment units, 
propellant tanks, a liquid-propellant rock- 
et engine, missile control surface actua- 
tors, and a control command receiver. 

There were several modifications of 
the missile, including the 20DA, 20DP, 
20DU, 20DS, 20DSU versions. 
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- Paxema 20{] so BoemxHame 
20D missile in Vietnam 

- fModzomosxa paxembi 20f x nycky 
20D missile being prepared for launch 





- Paxema 20{] Ha mpaxcnopmHo-3apamanwed mawune (Apmua Cnosakuu) 
20D missile on the transporting-loading vehicle (Army of Slovakia) 
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a 


A 


ofepHu3aynA paket! 20f). Mogep- 
HW3auMA NPOBOAMNACd C MCNONb30- 
BaHuem 6onee copepweHHou Gop- 
ToBOM pafMoannapatyptl, 6oesoro 
CHapsKeHHMA, CTAPTOBOK MW MapweBonu ABH- 
raTeNbHbIX YCTAHOBOK. ITO NO3BONMNO yBe- 
JWMYUTb 30HY NOPAKeHMA BO3AYWHbIX Ye- 
nei NO faNbHOCTH, CHU3MTb MAHMManbHyo 
BbICOTY NOPaKeHHA, a TAKKE NOBbICMTb 3)- 
(eKTMBHOCTb NOpaxkeHuA MaNnopa3MepHbIx 
HU3KONETALIMX M MaHeBpMpyouNx Yenen. 
523 npeactasnaet co6om psyxcty- 
neHyaTyW PakerTy, BbINONHEHHYy!O NO HOp- 
MaNbHOU aIPOAMHAMMYECKONM Cxeme, C yC- 
TaHOBNeHHbIMM B NepeAHei YaCTH pakeTbI 
fecta6unu3atopamn. Crapt paketbi — Ha- 
KJIOHHbIM, C NYCKOBOK yCTaHOBKH, HaBOgAM- 
MOU NO yy Ww a3umyTy MecTa. YnpaBneHue 
noneToM MW HaBefeHue Ha Wend OCyWeCTB- 
NAWTCA NO pagnoKoMaHAaM, KOTOpbie no- 


sl eeel 










CTyNaioT OT Ha3eMHOK CTaHUyMM HaBepeHuA. 
Nogpeis Goesoh yactw npou3sogutca npn 
nognete K Yew NO KOMaHpe pafnnoB3pbiBa- 
Tena nu60 no KOMaHge, NocTynawwen oT 
Ha3eMHOHM CTaHuMM HaBefeHuaA. 

Nepsan ctyneHb 523 - teepgoron- 
NWBHbIA PakeTHbIA ABUraTeNb C yCTaHOB- 
N@HHbIMM Ha HEM CTabunu3zaTOpaMM, BTO- 
Pan CTYNeHb OCHaLeHa KMAKOCTHOM ABH- 
raTeNbHOUW yCTaHOBKOM C HACOCHON CucTe- 
MOM NOAA KOMNOHEHTOB TONNMBa B ABM- 
ratenb. KOHCTpyKTMBHO MapweBaa CTYNeHb 
523 coctout w3 paga OTCeKOB, B KOTOpbIx 
PacnonomeHbl: PpagnoB3pbiBaTenb, OCKO- 
NO4YHO-dyracHan Goespan Yactb, 6noKu 
6oprosou annapatypbi, 6aku cC KOMNOHEH- 
TaMM TONAMBA, KMAKOCTHBIN pakeTHbIi 
ABuratenb, arperaTb! ynpasneHuA pynAmu 
PakeTbl, NPHEMHMK KOMAHA ynpaBneHua. 


S-75 AD missile system. 5Ya23 guided missile 
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he 5Ya23 is a modernized version of 

the 20D missile. It featured the use 

of upgraded onboard electronic 

equipment and armament, booster 
and sustainer propulsion plants that 
allowed increasing the kill zone of air tar- 
gets in range, decreasing the minimal 
effective altitude and increasing the mis- 
sile’s effectiveness against small-size 
low-altitude evading targets. 

The 5Ya23 is a two-stage missile 
employing a normal aerodynamic scheme 
with canard surfaces mounted in the fore 
part of the missile. The missile is fired at 
an angle from a launcher laid in elevation 
and azimuth. Missile flight control and 
guidance are accomplished via radio 
commands from a ground guidance radar. 
The warhead is detonated in proximity 
to the target by a command either from 






a radar fuze or from a ground guidance 
radar. 

The first stage of the 5Ya23 is a solid- 
propellant rocket engine with stabilizing 
fins; the second stage is fitted with 
a liquid-propellant pump-feed engine. 

Structurally, the sustainer stage of the 
5Ya23 missile consists of a number of sec- 
tions housing a radar fuze, a HE fragmen- 
tation warhead, onboard equipment units, 
propellant tanks, a liquid-propellant rock- 
et engine, missile control surface actua- 
tors, and a control command receiver. 
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Bapuaxmb! paxem Ona Komnaexca C-75 3apy6exHo20 npouzeodcmea: 
Foreign-made versions of missiles designed for S-75 AD missile system: 


1,2. Poxemoi “XyHusi-2B", Kumai 
HQ-2V missiles, China 


3. Paxemsi “Caiiad-1A", Upax 
Sayad-1A missiles, Iran 


4. [pouzeodcmso paxem “Xyxusi-2B” @ Kumae 
HQ-2V missiles production in China 
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3PK C-75. OnbitHan 3eHUTHAA yNpaBnAemaa paketa 17] 


S-75 AD missile system. 17D experimental guided missile 
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a3paborky 3YP 17f] Hayanu B MKB 

“Maken” B COOTBETCTBUM C BbINyu\eH- 

HbIM B MiOHE 1958 roma nocTaHoBne- 

HMUeM PYKOBOACTBa CTpaHbl, B KOTO- 
POM faBanocb 3afaHue no mofepHu3aynn 
3PK C-75. Hopaa paketa gomkua Obina no- 
paxkaTb BO3AYWHbIe WENN Ha AaNbHOCTAX 
no 40 KM MW BbICOTax AO 25 KM, NeETALIMX CO 
ckopoctamu fo 2300 km/4. 

Cneynannctb! npeanpwatua pewunn 
UCNONb30BaTb B KayecTBe MapweBou ABH- 
raTeNMbHOM yCTaHOBKM pakeTbi TRepsOTON- 
nusHbii MBP. Mpuxunn ero pabotei 3a- 
Knioyanca B Cnepyiouem. [a3, o6pa3yw- 
uMiCA NPM CropaHun CneyManbHoOrO TBep- 
qoro TonnuBa B raz0reHepaTope u copep- 
*KaulMA 3HAYMTeNbHOe KONMYECTBO He- 
cropeBwux 4YacTHu, NocTynan B Kamepy 
ABuraTenA W AOrOpan, CMeuMBAaACd C BO3- 
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AYWHbIM NOTOKOM, KOTOpbI Nonafan B Ka- 
mepy 4epe3 BO3pyxO3a60pHMK. Mo npegBa- 
PUTeNbHbIM OWeHKaM, NOAOOHbIN ABUraTeNb 
omen 6bin obnagatb BbICOKMM yAeNbHbIM 
vumnynbcom (6onee 4em Basoe GonbwuM, 
4emM MpMMeHABWMeCA B Te rogbl KP) u 
BO3MOMKHOCTbIO pabOTaTb B WHPOKOM fMa- 
na30He BbICOT MH CKOpOCcTel, AOCTaTOYHO 
BbICOKMM YAeNbHbIM MMNYbCOM NPM Manbix 
CKOpOCTAX Noneta W Ha GonbWMXx BbICOTAX. 

Apyxctyneuyataa paketa 17f] Bbinon- 
HeHa NO HOPMaNbHOW aspoAnHamnyeckon 
cxeme. Ha Kopnyce mapwesoro asmratena 
pa3mMeujeHb! KpbinbA MW pynu. Bropan cty- 
NeHb COCTOANA M3 NATH OTCeKOB, a ee KOP- 
nyc 6bin BbINONHEH aHanorM4yHbim KOpNycy 
paket “cemeiictsa” 1f]. NepegHan yactb 
MapweBou CTyneHH yHuduuMpoBaHa C pa- 
KeTou 20f]. B 3aquei Yactu Mapwesou cTy- 





he Fakel Engineering Design Bureau 

began to develop the 17D AD missile 

in compliance with the govern- 

mental resolution of June 1958 on 
upgrading the S-75 AD missile system. The 
new missile was to engage aerial targets 
moving at a speed of up to 2,300 km/h at 
ranges of up to 40 km and altitudes of up 
to 25 km. 

Fakel’s specialists decided to use a 
solid-propellant ramjet engine as the mis- 
sile’s sustainer. The ramjet featured the 
following operation principle. The gas 
generated in the process of burning of 
special solid fuel in a gas generator con- 
tained a considerable amount of unburned 
particles. When in the engine chamber, 
the gas finished burning being mixed with 
the air drawn into the engine through an 





inlet. According to the preliminary esti- 
mates, such engine was bound to feature a 
high specific impulse (twice exceeding 
the one of the liquid-propellant engines 
used at that time). The engine was also 
expected to function within a wide range 
of altitudes and speeds, and have a rather 
high specific impulse at low flight speeds 
and high altitudes. 

The 17D two-stage missile employed a 
normal aerodynamic configuration with 
wings and fins fixed on the sustainer 
engine’s body. The second stage com- 
prised five sections and its body construc- 
tion was similar to that of the 1D missile 
family. The fore part of the sustainer was 
unified with the 20D missile. The rear part 
of the sustainer housed a gas generator 
with fuel and control surface actuators. 
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NeHW pacnonaranca ra3zoreHepatop c Ton- 
NWBOM WM MeXaHu3MbI ynpaBneHua pynamn. 
B nepeguei u 3aqHei Yyactax pakeTbI Ha 
BHEWwHEeM KOpnyce MBP pasmewannce aH- 
TeHHbI. YCKOpuTenb 17] coctosn u3 paker- 
Horo ABMraTenA TBepgoro TonAMBa (PTT), 
yeTbIpex CTabunu3aTopos, ynopHoro KOHy- 
Ca W XBOCTOBOrO OTCeKa. 

B 1960-1962 rogax nposenu oxkono 
copoka nyckos 17f), Bkniovan 6pockosbie, 
@BTOHOMHbIe M NYCKM B 3AMKHYTOM KOHType 
ynpasnenna. fina 6pockosbix nyckos, nep- 
BbIM M3 KOTOPbIX COCTOANCA 23 sAHBapA 
1960 roga, v3roTOBMAM CneyManbHble Ma- 
KeTHbIe OOpa3ibl, KOHCTpyKuMA MW COCTaB 
6optosoro O6opygoBaHua KOTOpbIX 3Ha4N- 
TENbHO OTNMYANMCh OT O6OpyAoBaHua pa- 
KeT, ACNONb3OBaHHbIX NPM AanbHeEMWUXx UC- 
nbiTaHuax. C YeTBepToro nycKa, COCTOAB- 
weroca 22 anpena 1960 roga, Hayanca 
3TaN ABTOHOMHBIX MCNbITaHM. Ha 3TOM 
3Tane Take 6biIno NpoBepeHO AecATb nyc- 
KOB B 3€MKHYTOM KOHType ynpaBneHua. 

Bo spema ucnbitaHui 172, npoBogue- 
WUXCA AO NeTa 1962 roga, bina pocturHy- 
Ta MaKCMMasibHan CKOpOCTb noneta 3,7M, 
CP@QHAA CKOPOCTb NPM AaNbHOCTH aKTMBHO- 
ro y¥actKa noneta 40 Km — 820-860 m/cek, 
MaKCMMasibHaA BbICOTa — 23 KM. Macca 
UCNbITDIBABWMXCA pakeT cCocTaBnana 
oT 2635 fo 3045 kr. 

Pe3ynbtaTbl, NONyYeHHble B npouecce 
3TUX NYCKOB, OKA3aNM 3HAYMTeNbHOe BNMA- 
Hue Ha NpoBepeHve B MKB “Maken” u B ero 
MOCKOBCKOM (bunnane AanbHeMwux paboT B 
AaAHHOM HanpaBneHuy, a TakoKe Ha NOMCKH 
HOBbIX MyTeM MW KOHCTPyKTMBHbIX peweHHii 
ANA AOCTWKEHUA MAKCMMaNbHOH 3cextus- 
HOCTH MCnonb30BaHns IIBPY] 8 coctase 3YP. 











B Hayane 1960-x rogoB Benvcb paboTbi no 
MCCNEAOBAHUW BO3MOMKHOCTeH MCNONb30- 
Bana 3YP 17f] 8 coctaBe mofepHu3upo- 
BaHHoro 3PK C-75, a TakKKe napannenbHo 
PaCCMaTPMBaNUCb BO3MOMKHOCTH ee MCNONb- 
30BaHMA B COCTaBe 3PK CyxonyTHbIx BOCK 
“Kpyr” w KopabenbHoro 3PK M-31. OgHako 
NO pAAy NPUYHH 3TH paboTbI He Hawinu npo- 
AOMKEHNA, HW NeTOM 1963 roa BCce uccnepo- 
BaHua no 3YP 17]] 6binu npexpawexbi. 
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Antennas were fixed in the fore and rear 
parts of the missile, on the ramjet’s outer 
body. The 17D booster comprised a solid- 
propellant engine, four stabilizing fins, a 
thrust cone, and a tail section. 

In 1960-1962, about forty launches of 
the 17D took place, including drop launch- 
es, self-sustained and closed control loop 
launches. The design and configuration of 
the onboard equipment used in the models 





built for the first drop launches (the first 
one took place on January 23, 1960) sig- 
nificantly differed from those of the mis- 
siles used in the subsequent tests. The 
self-sustained tests began with the fourth 
launch on April 22, 1960. Ten closed con- 
trol loop launches were also held at this 
stage. 

In the course of the 17D testing, which 
lasted till the summer of 1962, the missile 
achieved a maximum speed of Mach 3.7, an 
average speed of 820-860 m/s given the 
powered range of 40 km, and reached a 
maximum altitude of 23 km. The tested 
missiles weighted 2,635-3,045 kg. 

The results of these launches consid- 
erably influenced the subsequent work of 
Fakel and its Moscow division in this direc- 
tion and facilitated the search for new 
trends and constructive solutions to 
achieve the maximum effectiveness of 
ramjets in the AD missiles. 

In the early 1960s, the possibility of 
using the 17D missile in the upgraded 
S-75 AD missile system was studied 
simultaneously with the possibility of 
using the 17D both with the Krug AD mis- 
sile system for the Army and the M-31 
shipborne AD missile system. However, 
due to some reasons the work was discon- 
tinued, and in the summer of 1963 all 
research activities on the 17D missile were 
stopped. 
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3PK C-75. OnbitHaa 3eHMTHAA ynpaBAemaA pakeTa 220 


S-75 AD missile system. 22D experimental guided missile 








a3pa6orka 3YP 22f, npegua3Hayas- 
weivicA ANA MCNONb30BaHuA B MOfep- 
HU3MpOBaHHOM BapmMaHTe 3PK C-75, 
6bina Hayata B MKB “®aken” B coor- 
BETCTBUM C peWeHHeM NpaBMTeNbCTBeEHHON 
KOMMCCHM NO BOCHHO-NpOMbILEHHbIM BO- 
npocam, NpuHATbIM B anpene 1961 ropa. 
Ho, 3-3a 3agepKek B MOMeEPHU3auMH Apy- 
rux 3nemeHToB 3PK, Tpe6oBaHua K HOBOK 
3YP B nonHom o6beme Gbinu yrsepxKAeHb! 
TONbKO B MiOHE 1963 roa. B cooTBeTcTBUu 
c Humu 3YP 22]] pomkva 6bina nopakaTb 
BO3AYWHbIE YEN Ha AaNbHOCTAX WO 60 KM, 


neTauyve Ha BbICOTaX AO 35 KM CO CKOpOo- 
cTbio fo 3000 KM/4. 

B ocHosy pa3pabotkn 3YP 22f] 6binu 
NONOMKeHbI NONyYeHHbIe K TOMY BpeMeHM 
pe3ynbtatbl ucnbitaHvi 17f). OpHako, B 
CBA3M C HEOOXOAMMOCTbIO 3HAYMTeNbHOrO 
YAYYWeEHWUA XapaKTePUCTMK, KOMNOHOBOY- 
Hylo Cxemy, NpMHATyIO ANA 177, npuwnoc’ 
PpagukanbHo nepepaborarb. B oKoHYaTenb- 
HOM Buge pakeTa 22/] crana TpexcTyneHya- 
TOK, YTO NOZBONANO OCYLIECTBNATb pa3snu4- 
Hbl@ BapMaHTbI NepexBata. Tak, npu noneTe 
K Wenw, HaxOMAUjeMCA Ha MaKCMMaNbHOM 


he development of the 22D missile 
for an upgraded version of the S-75 
AD missile system began at the Fakel 
Engineering Design Bureau in com- 
pliance with a resolution of the govern- 
mental Commission on military-technical 
affairs adopted in April 1961. However, 
due to the delays in upgrading other com- 
ponents of the AD missile system, the 
technical requirements of the proposed AD 
missile were finally approved as late as in 
June 1963. According to these specifica- 
tions, the 22D missile was to engage 
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aerial targets flying at a speed of up to 
3,000 km/h at ranges of up to 60 km and 
altitudes of up to 35 km. 

The 17D missile’s test data that was 
available at that time became the basis for 
the development of the 22D missile. 
However, due to the need of considerable 
improvement of the missile’s performance 
characteristics, the 17D layout had to be 
radically revised. In its final version, the 
22D missile comprised three stages, which 
made it possible to apply various intercep- 
tion modes. Thus, when approaching the 
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fjAN_HOCTM AKTMBHOFO NoNeTa pakeTbi WM Ha 
BbiCOTax MeHee 20 KM, TONNMBO pakeTHO- 
NPAMOTOYHKIX ABMraTeneH AOMKHO 6biNO 
UCNONb3OBaTbCA NMONHOCTbIO, NOCNe Yero 
OHM COpacbiBanucb Cc NOmMOubIO Nupoun- 
nwuHppos. Mpu nonete kK uenu, Haxogauen- 
cA Ha BbICoTe Gonee 20 Km, Mapwesbie pa- 
KETHO-NPAMOTOYNHbIe ABMraTenw MOrNM 
c6pacbipatbca B 11060 MOMeHT ux paboTH. 
HenocpeacteeHHo nepeg cOpocom ponKeH 
6bin 3anycKaTbCA TBEpACTONAMBHbIN ABH- 
raTeNb TpeTbei CTyNeHH. 

Nepean crynexb 22] Bkniouana B ce6a 
yckoputenb co cTa6unu3aTopamu, ucnonb- 
30BaBWMUCA TaKKe MW ANA 17f]. OcHoBHOe 
BHeWHee OTAMYNE paKeTb OT 17f] cocronno 
B YCTAHOBKE Ha KOHUax Kpbinbes 22/] YeTbI- 
pex TBepgoTonnuBHbix MBP stoponw cty- 
neHn. TONNMBO ANA HMX, NOTH Ha TpeTb CO- 
cCTOABWee M3 ANIOMMHMeBO-MarHMeBoro 
nopowka, O6Napano BbICOKMMM 3HEpreTu- 
YeCKUMM XapakTepuCcTMKaMM, 

TpetTba ctyneHb 22/] coctoana “3 NATH 
otcekos. B nepBom HaxoguscA paguo- 
B3PbIBaTeNb, BO BTOPOM — OCKONOYHO-y- 
racHan 6oeBan YaCTb, B TpeTbem — annapaty- 
pa ynpaBnenua, B YeTBepTOM — TBepgoTON- 
AMBHbIA PaKeTHbIM ABMraTeNb WV B NATOM — 
ra300TBOAHAA TpyOa C ConnoBbiIM 6NOKOM UM 
NPMBOAOM CUCTeMbI ynpaBneHua. 

Nepsei nyck 22f] coctonnca 27 ge- 
Ka6pa 1963 roga. Wcnbitanua pakerol 
npofomkanucb fo aBrycta 1966 roa. 
B 1966 rogy TakoKe COCTOANOC HECKONbKO 
nyckoB 22/1, OCHaWWeHHOM MKMUAKOCTHbIMU 
NBPO, paspa6oraHHbimu Bb OKB-670 nog 
Pykosogctsom M.M. Boxgapioxa. 

Ha ucnbitaHuax 22] npn pabote Tpe- 
Tbew cTyneHw 6bina AOcTMrHyTa MaKcn- 





ManbHaf CKOpOcTb 4,8M (c pabotaiwuumn 
NBPO paketa pa3roHAnacb AO CKOpOcTH 
3,9M), BbicoTa ee noneTa npesbiwana 
30 km. Craptopaa Macca UCNbITbIBaBWMXCA 
paket coctasnana 3110-3260 kr. 

B cepeguue 60-x rogos pe3ynbraToi, 
nony4eHHble B Npouecce ucnbiTaHnn 22), 
AEMOHCTPMpOBaNu 3Ha4MTeNbHbIN Npo- 
rPeCc B Pa3BUTMM Z3EHMTHbIX pakeT. OAHaKO 
K MOM@HTY NPMHATMA PEWEHMA O AanbHei- 
wei cygb6e 22] Ha BoopykeHun yxKe Ha- 
xogunnch 3YP 20], xapaktepucTuKku KOTO- 
PbIX NONHOCTbWO COOTBETCTBOBAaNM BO3MOK- 
HOCTAM CpegcTB 3PK C-75, u no3Tomy npo- 
omkKeHue pabort no Mcnonb30BaHUW B CO- 
ctape 3T0ro KOMnMneKca 3YP Cc 
PaKeTHO-NPAMOTOYHBIMU ABMraTenAMH ObI- 
NO NPU3HaHO HEYenecoobpa3Hbim. 
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targets located at the missile’s powered 
flight range limit and at altitudes below 
20 km, the ramjet engines fuel was to be 
completely used up followed by the sepa- 
ration of the engines by means of pyro 
devices. When heading to the targets 
located above 20 km, the running ramjet 
sustainers could be separated at any 
moment. The solid-propellant engine of 
the third stage was to be activated just 
before the separation. 

The first stage of the 22D comprised a 
booster with stabilizing fins (used also in 
the 17D). By appearance, the 22D differed 
from the 17D in four solid-propellant ram- 
jet engines of the second stage fixed on 
its wing tips. The engines ran on high- 
energy fuel that almost by one third con- 


sisted of aluminum-magnesium powder. 

The third stage of the 22D comprised 
five sections. A radio fuze was fixed in the 
first section, a HE fragmentation warhead — 
in the second, control equipment — in the 
third, a solid-propellant engine — in the 
fourth, and an exhaust-gas duct with a 
nozzle cluster and a control actuator 
assembly — in the fifth one. 

The 22D was first launched on 
December 27, 1963. The missile’s testing 
continued until August 1966. In 1966, 
several launches of the 22D fitted with 
liquid-propellant ramjet engines were 
held. The engines were designed at the 
Experimental Design Bureau #670 
(OKB-670) headed by M. Bondaryuk. 

In the course of testing the 22D with 
the running engines of the third stage, 
a maximum speed of Mach 4.8 was achieved 
(with the running ramjets, the missile accel- 
erated to Mach 3.9). Its flight altitude 
exceeded 30 km. The tested missiles’ launch 
weight amounted to 3,110-3,260 kg. 

In the mid-1960s, the results of the 
22D testing signified a considerable 
progress in the development of the AD 
missiles. However, when the decision on 
the future of the 22D was to be taken, the 
20D AD missile had already been adopted 
for service. Its performance characteris- 
tics fully suited the S-75 AD missile sys- 
tem. That is why the further employment 
of ramjet-powered missiles in this missile 
system was deemed inexpedient. 
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S-125 AD missile system. 5V24 guided missile 











eHMTHAaA yNpaBnAeman PakeTa Mason 

AanbHoctn 5B24 npegHa3Hayena ANA 

NOpadKeHMA Pa3NU4HbIX CPeACTB BO3- 

AywHOrO HanageHuA: CamoneTos 
CTpaTeru4eckou MW TaKTHYeCKON aBMalMN, a 
TakoKe pakeT BO3AyWHOrO GazupoBaHua — B 
WMPOKOM AManazoHe ycnoBui ux Goesoro 
npwmeHeHua. 

5B24 npegctasnnet co6oW psyxcty- 
neH4aTylO pakeTy, BbINOMHEHHYWO NO azpo- 
AMHamuyeckon Cxeme “yTKa”. 

CrapT pakeTb! — HaKNOHHbIM, C NyCKO- 
BOK yCTaHOBKH, HAaBOAMMON NO yy HM a3n- 
myTy mecta. YnpasneHue noneTom u HaBe- 
AeHMe Ha WeNb OCYUWECTBNAIOTCA NO pagno- 
KOMaHfaM, KOTOPbIe NOCTyNalOT OT Ha3eM- 


HOW CTaHuwn HaBegeHua. Nogpbis Goeson 


yacTM OCyUIeCTBAAeTCA NPM nogNeTe K Ue- 
AM NO KOMaHpe pagnos3pbisaTenn. 

Nepsaa cryneHb 5B24 — Teepgoton- 
AMBHbIN YCKOpHTeNb C YCTAHOBNEHHbIMM Ha 
HEM paCKPbIBAaeMbIMM NOCcNe CTapTa 4e- 
Tbipbma CTabunu3zaTopamnm. Mapwesaa cTy- 
NeHb pakeTbl TaKyKe OCHaeHa TBeEpAOTON- 
NMBHOK ABMraTeNbHOK ycraHoBKON. KoHcT- 
PyKTMBHO Mapwesaa CTyNeHb 5B24 coctout 
M3 PAAa OTCEKOB, B KOTOPbIX pacnonoKeHbi: 
Pagvos3pbiBaTenb, arperaTb! ynpaBneHua 
PYAAMM PaKeTbI, OCKOMOYHO-chyracHan 6oe- 
Ban YacTb, 6noK GoptoBow annapatypbi, 
TBEPAOTONAMBHbIN PakeTHbIM ABUraTeNb, 
NPWeMHUKM KOMaHA ynpaBneHna. 


he 5V24 short-range AD missile is 
intended to engage various air 
attack weapons such as strategic and 
tactical aircraft and airborne mis- 
siles, in a wide range of their combat use. 

The 5V24 is a two-stage missile 
employing a canard aerodynamic configu- 
ration. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is ini- 
tiated by commands from a radar fuze in 
the proximity to the target. 

The first stage of the 5V24 is a solid- 


propellant booster with four stabilizing 
fins unfolded after launch. The sustainer 
stage of the missile is also fitted with a 
solid-propellant engine. 

Structurally, the 5V24 sustainer stage 
comprises a number of sections housing a 
radar fuze, control surface actuators, a HE 
fragmentation warhead, an onboard equip- 
ment unit, a solid-propellant engine, and 
control command receivers. 
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1. Paxema 5824 go spema ucnoimaxui, 1958 2. 
5V24 missile during tests, 1958 













2,3. fModzomosxa pakemp! 5B24 x nycxy 
5V24 missile being prepared for launch 


4. 3azpy3xa paxem 5824 8 camonem AH-12 
Loading 5V24 missiles into An-12 aircraft 


5,6. Camonempi, c6umbie paxemamu 5824 go spema boesbix Geticmeud 8 Ezunme 
Aircraft downed by 5V24 missiles during combat actions in Egypt 


7. Paxemoi 5824 e Ezunme 
5V24 missiles in Egypt 
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3PK C-125. 3enutTHan ynpaBnaeman paketa 5B27 


S-125 AD missile system. 5V27 guided missile 





soi nail ie A aimaciaine ll 


Marrero 





nyGokanA MOfepHU3aynA  pakeTbi 

5B24. OcHoBHbimMM HanpasneHuamn 

MOAePHM3auMM CTanu: uCcnonb30Ba- 

Hue Gonee acpspektuBHoro mapwesoro 
asuratena, 6oesoro CHapArKeHuA MW pAga 
anemeHTos 6optosou annapatypbi. Beinon- 
HeHMe MOAePHH3aMN NO3ZBONMNO yBeNH- 
YUTb 30HY NOpadKeHMA BOSAYWHbIX Yener 
NO fjaNbHOCTH WM BbICOTe, yBeNnu4uTb 3)- 
(eKTMBHOCTb NOpaKeHMA BbICOKOCKOpOCT- 
HbIX Yenen, 

YnpasneHve nonetom uw HaBefeHue Ha 
UeNb OCYLWIECTBNALOTCA NO pagMvoKOMaHsaM, 
KOTOpble NOCTyNalOT OT Ha3EMHOW CTAaH\MM 
Hapepeuna. Nogpbis Goesou yactu ocywe- 
CTBAAeTCA NPM NogNete K YEN NO KOMaHge 
pagquos3pbisarTena. 

Nepsan ctryneHt 5B27 — tBepgoron- 
JMBHbIN YCKOpMTeNb C YCTAHOBNEHHbIMM Ha 
HEM paCKpbIBaeMbIMM NocNe cTapTa 4e- 


TbIPbMA CTabunu3aTOpaMM M AByMA TOp- 
MO3HbIMA MOBEPXHOCTAMM, KOTOPbIe ciy- 
‘aT ANA YMeHbWEHMA AaNbHOCTM NoONeTa 
yckoputena nocne ero oTgeneHua. Mapwe- 
BafA CTYN@Hb pakeTbi TakKe OCHal\eHa 
TBEPAOTONAMBHOK ABMraTeNbHOW yCTaHOB- 
KOU. KOHCTpyKTHBHO MapweBaA CTyNeHb 
5B27 coctont u3 pafa OTCeKOB, B KOTOPbIX 
pacnonoxenb!: paguos3pbisaTenb, arpera- 
Tbl yNpaBheHHA PyNAMM pakeTbI, OCKONOY- 
HO-(byracHan 6oeBan YacTb, 6noK G6opto- 
BOK annapatypbi, TBepAOTONAMBHbIN pa- 
KeTHbIM ABMTaTenb, NPHEMHMKM KOMAaHA yn- 
papnenua. 

PakeTa BbINyCKanaCb B pa3Nu4HbIx MO- 
AuduKaunax, B TOM 4ucne 5B27I, 5B271N, 
5B279NC, 5B27INy, 5B27f.. 
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he 5V27 is a radically modernized 

version of the 5V24 missile. It fea- 

tures an upgraded sustainer, arma- 

ment and some units of onboard 
electronic equipment. The modernization 
allows increasing the kill zone of air tar- 
gets in range and altitude, and speed of 
the targets to be engaged. 

Missile flight control and guidance 
are accomplished via radio commands 
from a ground guidance radar. The war- 
head is initiated by commands from a 
radar fuze in the proximity to the target. 

The first stage of the 5V27 is a solid- 
propellant booster with four stabilizing 
fins unfolded after launch and two braking 
surfaces fixed on the booster. The braking 
surfaces serve to reduce the booster’s 
flight range after its separation from 
the missile. The sustainer stage of 








the missile is also fitted with a solid- 
propellant engine. 

Structurally, the 5V27 sustainer stage 
comprises a number of sections housing a 
radar fuze, control surface actuators, a HE 
fragmentation warhead, an onboard equip- 
ment unit, a solid-propellant engine, and 
control command receivers. 

There have been several modifications 
of the missile, including the 5V27G, 
5V27GP, 5V27GPS, 5V27GPU, 5V27D ver- 
sions. 
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1,3. Pakembi 5B27 Ha nyckosol ycmaHoexe 
5V27 missiles on the launcher 

2. 3Japawanue paxemamu 5827 nyckosol ycmavosKu 
Launcher being loaded with 5V27 missiles 

4. Iycx paxembi 5827 
Launch of 5V27 missile 

5. Paxembi 5B27 Apmuu Weocnasuu, c6uswue 27 mapma 1999 20da camonem-Hesudumky F-117A (6,7) 
5V27 missiles of the Army of Yugoslavia that downed F-117A Stealth aircraft (6,7) on March 27, 1999 
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3PK C-125. 3enutTHan ynpaBnnemaa paketa 5B27fE 


S-125 AD missile system. 5V27DE guided missile 











ofepHu3aynMa paket! 5B27f]. Oc- 

HOBHBIMA HanpaBneHMAMM MOpep- 

HM3aMM CTaNM: MCNONb30BaHue B 

cTapToBom gBuratene Gonee 3- 
cekTMBHOrO TBepAOrO TONAMBa, MCNONb30- 
BaHve 3ddektusHoro Goesoro cHapsKe- 
HUA, 3aMeHa pAfa 3nemeHTOB GopToBor 
annapatypbl. BbinonHeHve mofepHu3aynn 
NO3BONMNO 3HAYUMTENbHO YBENMYMTb 30HY 
nopaxKeHMA BOZAYWHEIX YeNnei NO AaNbHO- 
CTW WM BbICOTe (HWKHAA FpaHMa 30HbI NO- 
paxkeHwa coctasnaet 20 m), o6ecneynTb 
acddektuBHoe nopakeHue CyWecTByIOLMx 
W NepcnekTMBHbIX CpeACTB BO3AYWHOrO Ha- 
naQeHuA, BKNIOYAA Pa3sNM4Hble BUAbI BbICO- 
KOTOYHOFO OpyKuaA. 

YnpasneHue nonetom uw HaBefeHue Ha 
UeNb OCYLIECTBNAIOTCA NO paguokomaHgam, 
KOTOpbie NOCTyNaloT OT Ha3eMHOM CTaHuMH 
HaBepeHua. Nogpbis 6oesok yactu ocywe- 





Paketbi “Makena” ce 





CTBNAeTCA NPM NoANeTe K Yen NO KOMaHpe 
pagvos3pbisatena. 

Nepsaa cryneHb 5B27f/E — tsepporon- 
AUBHbIA YCKOPUTeNb C YCTAHOBNEHHbIMM Ha 
HEM PaCKpbiBaeMbIMM NOCNe CTapTa Ye- 
TbIPbMA CTabuNM3aTOpaMM WM ABYMA TOP- 
MO3HbIMM NOBEPXHOCTAMM, KOTOPbie CHy- 
‘aT ANA YMeHbWEHMA AaNbHOCTM NoNeTa 
yckopuTena nocne ero otgeneHua. Mapwe- 
Ban CTYMeHb pakeTbl TaK)Ke OCHaljeHa 
TBEPAOTONAMBHOK ABMraTeNbHOM yCcTaHOB- 
KOK. KOHCTpyKTMBHO MapweBaA CTyNeHb 
5B271E cocrout u3 paga OTCeKOB, B KOTO- 
PbIX pacnonoKeHb!: pagnoB3pbiBaTenb, ar- 
peraTbl ynpaBneHuA pyNAMM pakeTbl, OCKO- 
no4HO-dyracHan 6oesaa YacTb, 6noK Gop- 
TOBOM annapatypbi, TRepAOoTONAMBHbIN pa- 
KeTHbIM ABMraTeNb, NPHEMHUKM KOMAHA yn- 
pasnenua. 


he 5V27DE is a modernized version 

of the 5V27D missile. It features 

employment of more effective solid 

propellant for the booster, use of 
upgraded armament, and replacement of 
some units of the onboard electronic 
equipment. The modernization allows 
increasing the kill zone of air targets in 
range and altitude (lower limit is 20 m), 
ensuring the effective engagement of the 
in-service air attack means and those 
under development, including different 
types of high-precision weapons. 

Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is ini- 
tiated by commands from a radar fuze in 
the proximity to the target. 

The first stage of the 5V27DE is a 
solid-propellant booster with four stabiliz- 


ing fins unfolded after launch and two 
braking surfaces fixed on the booster. The 
braking surfaces serve to reduce the 
booster’s flight range after its separation 
from the missile. The sustainer stage of 
the missile is also fitted with a solid- 
propellant engine. 

Structurally, the 5V27DE sustainer 
stage comprises a number of sections 
housing a radar fuze, control surface actu- 
ators, a HE fragmentation warhead, 
an onboard equipment unit, a solid- 
propellant engine, and control command 
receivers. 
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1. Paxemsi 5B279E 
5V27DE missiles 


2. Paxemoi 5B27fE Ha nycKxosoll ycmaHosKe 
5V27DE missiles on the launcher 


a Ee Paketbi “Makena” e 








Fakel’s Missiles 


3PK C-175. 3eHutTHaa ynpaBnaemaa paketa B-850 (npoekr) 


S-175 AD missile system. V-850 guided missile (project) 








1956-1957 rogax 8 MKB “®aken” 
nposegent! pabotbi no u3y4eHnio 
BO3MO)KHOCTM co3faHuA 3YP B-850 
ANA NepeABMKHOUW 3eHUTHON paker- 

HOM CucTembI C-175, o6nagaswei bonbwei 
AaNbHOCTbIO AeKCTBMA, 4YeEM CO3faHHaA K 
Tomy BpemeHn cuctema C-75. 

B-850 npegctasnana co6oi pByxcty- 
neHyaTylo pakeTy, BbINONHEHHYIO NO HOp- 
Ma/IbHOU aIPOAMHAMUYECKON Cxeme, C yC- 
TaHOBNEHHbIMM B NepepHei YacTM pakeTbI 
Aectabunu3zatopamu, C 4eTbIDbMA Tpe- 
YOAbHbIMM KpbinbaMM Gonbworo yANMHe- 
Hua, pynamMv Ww CTabunu3zaTopamn. CrapT 
PakeTb! — HAKNOHHbIM, C NYCKOBOM yCTaHoB- 
KM, HABOAMMOM NO yrny MW a3MMyTy MecTa. 
Ynpasnenue nonetom pakeTbi 4 HaBefeHue 


ee Ha UeNb OCYUIeECTBAAeETCA NO pagqMoKo- 
MaHgaM, KOTOpbie NOCTyNaloT OT Ha3eMHOU 
CTaHUMu HaBeneHna. 

Nepspan cryneHb B-850 npegctasnaert 
co6oi YyeTbipe TEepgoTONAMBHbIX ABUraTe- 
Nia, YCTAHOBNEHHbIX Ha MapWweBOM CTyNeHU 
pakeTbl MeKAY KpbinbaAmM. Bropaa CTyneHb 
OCHaLeHa KMAKOCTHOM ABUMraTeNbHON ycTa- 
HOBKOW C HACOCHOM CMCTeMOK NOAAa4M KOM- 
NOHEHTOB TONNMBa B ABMraTeNb. KOHCTpyK- 
TMBHO MapweBaa CTyneHb B-850 coctouT u3 
paga OTCeKOB, B KOTOPbIX pacnonomkeHbl: 
PpagvoB3pbipatenb, Goesan yacTb, 6noKu 
6optoson annapatypbi, 6aku Cc KOMNOHEHTa- 
MM TONAMBa, KUAKOCTHBIN pakeTHbIN ABMra- 
TeNb, arperaTbl YNpaBNeHUA PyNAMU PakeTbI, 
NpwemMHUK KOMAaHA ynpaBneHnA. 


n 1956-1957, the Fakel Engineering 

Design Bureau studied the possibility 

of creating the V-850 missile for the 

S-175 mobile AD missile system, which 
featured a longer operating range com- 
pared to the earlier created S-75 system. 

The V-850 was a two-stage missile 
employing a normal aerodynamic configu- 
ration with destabilizers mounted in the 
fore part of the missile, four high-aspect 
delta wings, control surfaces and stabiliz- 
ing fins. The missile is launched at an 
angle from a launcher laid in elevation and 
azimuth. Missile flight control and guid- 
ance are accomplished via radio com- 
mands from a ground guidance radar. 

The first stage of the V-850 consists of 


four solid-propellant engines arranged in 
the sustainer stage of the missile, between 
its wings. The second stage is fitted with a 
liquid-propellant pump-feed engine. 
Structurally, the sustainer stage of the 
V-850 consists of a number of sections 
housing a radar fuze, a warhead, onboard 
equipment units, propellant tanks, 
a liquid-propellant rocket engine, missile 
control surface actuators and a control 
command receiver. 
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3PK C-200. 3eHutTHan ynpaBnaemaa paketa 5B21 


S-200 AD missile system. 5V21 guided missile 








eCHMTHaA yNpaBnAeman paketa 6onb- 
wou AanbHOCcTH 5B21 npegHasHayeHa 
AVIA NOpaKeHuA pa3sNu4Hblx cpeAcTB 
BO3AYWHOFO HanafeHuaA: CamoneToB 
CTpaTerMuyecKOu WM TaKTMYeCKON aBualnM, a 
TaKKe KPbiaTbIX pakeT BO3AYWHOFO M Ha- 
3emHOrO 6a3MpoBaHMA — B WAKPOKOM fAMa- 
na3oxHe ycnoBui wx 6oesoro npumeHeHua. 
5B21 npegctasnaet co6oi% psyxcty- 
NeH4aTylO pakeTy, BbINONHEHHY!O NO HOp- 
Ma/IbHOW aIpOAMHAMMYeCKON Cxeme, C 4e- 
TbIPbMA TPeyrONbHbIMM KPbINbAMM HonbUIO- 
ro yAyIMHeHMA. 

CrapT pakeTbi — HaKNOHHbIN, C NocTo- 
AHHbIM YINIOM BO3BbIWEHMA, C NYCKOBOM yc- 
TaHOBKM, HaBOAMMOKW NO a3MMyTy MeCTa. 
YnpapneHue nonetom wu HaBefeHue Ha Uenb 
OCYWECTBNAeTCA C NOMOLUIbIO ycTaHOBNeH- 








HOW Ha pakeTe NONyakTMBHON paguonoKka- 
UMOHHON FONOBKK CamOHaBepeHua. 

Nepsaan cryneHb 5B21 npegctasnaet 
co6ou YeTbipe TBepgoTONAMBHbIx ABMraTe- 
NA, YCTAHOBNEHHbIX Ha MapweBOK CTyNeHU 
pakeTbl MexKAy Kpbinbamu. Bropaa cryneHb 
OCHALeHa KUAKOCTHOM ABMraTeNbHON yc- 
TaHOBKOM C HaCOCHOHW CucTemMOow nofa4n 
KOMNOHEHTOB TONAMBa B ABUraTenb. KOH- 
CTPyKTMBHO MapweBaA CTyneHb 5B21 co- 
CTOMT M3 PAMa OTCEKOB, B KOTOPbIx pacno- 
NOMKeHbI: NONYAKTMBHAA PaAMONOKAalMOH- 
Haf ronoska CamoHaBefeHua, GnoKkn Bbop- 
TOBOM annapatypbi ynpaBneHuA noneTom 
PpakeTbl, OCKONOYHO-dyracHan O6oesan 
yacTb, 6akKH C KOMMOHEHTaMM TONAMBa, 
*KMAKOCTHBIM PakeTHbIM ABUraTeNb, arpera- 
Tbl YpaBheHuA PyNAMM paKeTbi. 





he 5V21 AD long-range missile is 

intended to engage various air 

attack weapons: strategic and tacti- 

cal aircraft, as well as air-launched 
and ground-launched cruise missiles in 
a wide range of their combat use. 

The 5V21 is a two-stage missile 
employing a normal aerodynamic configu- 
ration with four high-aspect delta wings. 

The missile is fired from an oblique 
constant elevation launcher laid in 
azimuth. Missile flight control and guid- 
ance are accomplished via a semiactive 
radar homing head mounted on the 
missile. 

The first stage of the 5V21 consists of 
four solid-propellant engines mounted on 
the sustainer stage of the missile, between 


its wings. The second stage is fitted with a 
liquid-propellant pump-feed engine. 

Structurally, the 5V21 sustainer stage 
consists of a number of sections housing 
a semiactive radar homing head, onboard 
flight control equipment units, a HE frag- 
mentation warhead, propellant tanks, a 
liquid-propellant rocket engine, and con- 
trol surface actuators. 
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1. Paxema 5B21 wa nycKosou ycmaxosKe 
5V21 missile on the launcher 
2,3. Cmapm paxempi 5B21A 
Launch of 5V21A missile 
4,5. Omdenenue yckopumeneti 
Separation of boosters 
6. flopamxexue uenu 
Hitting the target 
7. Paxema 58218 Ha asmomamuyeckol 3apamawwmed ycmaxosKe 
5V21V missile on the automatic loader 
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3PK C-200. 3eHuTHaA ynpaBnaemaa paketa 5B28 


S-200 AD missile system. 5V28 guided missile 





ny6okaA MOfepHv3auMA  pakerTbi 

5B21. OcHosHbie HanpaBneHuA MoO- 

AepHu3ayun: yctaHoBKka 6onee co- 

BePWEHHbIX 3NeMeHTOB GoproBon an- 
Napatypbi, GoproBoro ucTOYHMKa NuTaHMA, 
aMNYyNM3MpOBaHHOK MapweBou ABMraTenb- 
HOM ycTaHoBKH. MogepHw3auna no3zBonMna 
3HAYMTENbHO YBENMYMTb 30HY NOPaKeHMA 
BO3AYWHEIX Wee NO AaNbHOCTH H BbICOTe, 
NOBbICMTb 3PMeKTMBHOCTh NOpakKeHUA 
BbICOKOCKOPOCTHbIX Yenen. 

Crapt paketTbi — HaKNOHHbIi, C NocToO- 
AHHbIM YPNOM BO3BbILWEHMA, C NYCKOBOM yc- 
TaHOBKM, HaBOAMMOM NO a3umyTy MeCTa. 
Ynpapnenue nonetom u HaBefeHve Ha Yenb 
OCYWeCTBNAeTCA C NOMOLIbIO yCTaHOBNeH- 
HOW Ha pakeTe NONyaKTMBHONM paguonoka- 
UMOHHOM ronoBKM CaMOHaBeAeHMA. 


Pakerbi “@akena” 


Neppan ctyneHb 5B28 npegctasnaert 
co6ok yeTbipe TEEPAOTONAMBHbIX ABUraTe- 
NA, YCTAHOBNEHHbIX Ha MapweBOK CTyNeHH 
pakeTbi MexKpy Kpbinbamu. Bropan cTyneHb 
OCHALIeHa KUAKOCTHOH ABMraTeNbHON yc- 
TaHOBKOM C HaCOCHOM CuCTemMOW noAa4n 
KOMNOHeHTOB TONAMBa B ABUraTenb. KOH- 
CTpykTMBHO MapweBaA CTyneHb 5B28 co- 
CTOMT M3 PAa OTCEKOB, B KOTOPbIxX pacno- 
NOMKeHbI: NONYaKTMBHAA PaAMONOKalMoOH- 
Haf ronoBKa CaMOHaBepeHnA, GnoKu Gop- 
TOBOH annapatypbi ynpaBneHuA noneTom 
PakeTbl, OCKONOYHO-dyracHan O6oesan 
yYacTb, 6akKM C KOMMOHEHTaMM TONNMBa, 
KMAKOCTHBIM pakeTHbIM ABUMTaTeNb, arpera- 
Tbl YNPaBNeHMA PyNAMM PakeTb. 

PakeTa BbiNyCKanaCb B pa3NU4HbIx MO- 
Avdukaunax, B TOM Yucne 5B28M. 


he 5V28 is a radically modernized 

version of 5V21 missile. It features 

the use of upgraded onboard equip- 

ment units, onboard power source 
and sustainer propulsion plant capsule 
that allowed the designers to substantial- 
ly increase the kill zone of air targets in 
range and altitude, as well as the speed of 
the targets to be engaged. 

The missile is launched at an angle 
with a fixed elevation from a launcher laid 
in azimuth. Missile flight control and 
guidance are accomplished via a semi- 
active radar homing head mounted on the 
missile. 

The first stage of the 5V28 consists of 
four solid-propellant engines mounted in 
the sustainer stage of the missile, between 





its wings. The second stage is fitted with 
a liquid-propellant pump-feed engine. 
Structurally, the sustainer stage of the 
5V28 consists of a number of sections 
housing a semiactive radar homing head, 
onboard flight control equipment units, a 
HE fragmentation warhead, propellant 
tanks, a liquid-propellant rocket engine, 
and missile control surface actuators. 
There were several modifications of 
the missile, including the 5V28M version. 
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1,3. Pakema 5B28 Ha nonuzove 
5V28 missile at a firing range 


2. Cmapm paxempi 5828 
Launch of 5V28 missile 

4. bnox cmapmoapix ychopumenei 
Boost cluster 

5. Aspodunamuyecaud pyrb 
Aerodynamic control surface 

6. Paxema 5B28 
5V28 missile 
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3PC C-300f. 3enutHan ynpaBnaeman paketa 5B55K 


“eae - 
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S-300P AD missile system. 5V55K guided missile 





eCHUTHAaA yNpaBnAeman pakeTa cpeg- 

Hew AanbHocTn 5B55K npepHa3Hate- 

Ha JIA NOPadKeHMA Kak COBPEMEHHbIX, 

Tak W MepcneKTMBHbIX CpeACTB BO3- 
AyWHOro HanafeHua: CamoneTos CTpatern- 
YeCKOU, TAKTHYECKONM MW MOPCKOM aBua\nn, 
CTpaTerMyeckux KpbiNaTbix paket, aBMaly- 
OHHbIX pakeT, TAKTMYECKMX M ONepaTMBHO- 
TakTM4eckMHx Gannuctuyeckux paket, bec- 
NMNOTHBIX NeTAaTeNbHbIX aNnnapaToB — B WK- 
POKOM AuMana3z0He ycnoBui ux G6oeBoro 
npwmeHenna. 

Paketa 3KCnnyaTupyeTca B repMeTH4- 
HOM TpaHCNOPTHO-NyCKOBOM KOHTeHepe 
(TNK) wv He tpe6yer nposepok u perynupo- 
BOK B TeYeHuMe BCero Cpoka CnyxObl. 

5B55K — ogvoctynenyatan paketa, 
BbINONHEHHAA NO HOPMaNbHOW azpomnHa- 
MU4eCKON Cxeme, C pacKpbiBaembiMU Nocne 
cTapTa pynamu. 

CrapT paketTb! — BepTMKanbHbIii, C no- 
MOLbIO yCTaHOBNeHHON B TIIK KaTanynbTbI, 


METI Pavers: “Ganena’ 


6e3 npegsBapuTenbHoro pa3Bopota nycko- 
BOM YCTaHOBKM B CTOpoHy uenn. Mocne 3a- 
nycka ABMraTeNA pakeTa CKNOHAETCA B Tpe- 
6yemom HanpaBneHuM B 3aBMCMMOCTH OT 
NONOKEHUA YEN NPK NOMOWM raz0BbIx py- 
nev-3nepouHos. 

f\na HaBefeHMA pakeTbI Ha Uenb MC- 
NONb3yeTCA pagnokomaHg~Hblin meTog. Oc- 
KONOYHO-dyrachan Goesan YacTb GonbwWon 
MOU\HOCTH B CO4eTAHMM C BbICOKMMM Nepe- 
rpy3Kamu, KOTOpbie cnoco6Ha BbIqZepxKH- 
BaTb paketa, oO6ecneynBaiwT addektuBHoe 
nopaxkexuve wenei, B TOM 4ucne M MHTeH- 
CMBHO MaHeBpupyioulnx. 

Paketa 5B55K ocHaujeHa BbICOKO3- 
(ekTMBHbIM TBEpAOTONAMBHbIM ABUraTe- 
nem. KOHCTpyKTMBHO OHa COCTOMT M3 pAga 
OTCeKOB, B KOTOPbIX pacnono»KeHbI: BbINON- 
HeHHaa B BMge MOHOONOKa GopTosBan anna- 
Ppatypa, OCKONOYHO-dyracHan 6oeBaa 
4aCTb, TREPAOTONAMBHbIM pakeTHbI ABUTa- 
TeNb, arperatbl ynpaBneHua pynamn. 








he 5V55K medium-range missile is 

intended to engage the in-service air 

attack weapons as well as those 

under development, including 
strategic, tactical, and naval aircraft, 
strategic cruise missiles, air-launched 
missiles, tactical and theater ballistic mis- 
siles and UAVs in a wide range of their 
combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. 

The 5V55K is a single-stage missile 
employing a normal aerodynamic configu- 
ration with control surfaces that are 
unfolded after launch. 

The missile is launched vertically with 
an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 


ing on the position of the target, the mis- 
sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

The missile is guided by radio com- 
mands. A powerful fragmentation warhead 
coupled with the missile’s ability to with- 
stand high g-loads ensures efficient 
destruction of targets, including the 
intensively evading ones. 

The 5V55K missile is fitted with a 
powerful solid-propellant engine. Struc- 
turally, it consists of a number of sections 
housing onboard equipment (as a mono- 
block unit), a HE fragmentation warhead, a 
solid-propellant rocket engine, and con- 
trol surface actuators. 
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1. Annapamypxoili moHo6n0K u 6oesan yacmb 
Equipment monoblock & warhead 


2. baoK ynpasnexusn pynamu 
Control surfaces unit 

3. /a308bIe u aapoduHamUYeCcKUe pynu-3nepoHb! 
Gas vanes and ailerons 

4. Ilyckosas ycmaxosKa pakemb! 5B55K 
5V55K missile launcher 


ad 


Cmapm paxembi 5B55K 
Launch of 5V55K missile 





a . 3eHUTHbIE pakeTbi ANA Bouck NBO Missiles for the Air Defense Forces ee -aS 


3PC C-300Ml. 3enutHaa ynpaBnsemaan paketa 5B55P 





S-300P AD missile system. 5V55R guided missile 








e€HUTHAA yNpaBnAemaA pakeTa cpep- 

Hei fanbHocTw 5B55P npeguasHaye- 

Ha AIA NOpadKeHMA KaK COBPEMEHHbIX, 

TaK W MepCneKTMBHbIX CpeACcTB BO3- 
AyWHOrO HanafeHua: CamoneTos CTpatern- 
4eCKOU, TAKTHYECKONM MW MOPCKOM aBuaunn, 
CTpaTeruyeckux KpbiNaTbIx pakeT, aBMaly- 
OHHbIX pakeT, TAKTHYECKMX MW ONepaTHBHO- 
TakTM4ecKux BannucTMyecKHx paket, 6ec- 
NWNOTHBIX NeTaTeNbHbIX aNNapaTosB — B WH- 
POKOM AnMana30He ycnoBui ux boesoro 
npumeHeHua. 

Paketa 3KCnnyaTupyeTca B repMeTH4- 
HOM TPaHCNOPTHO-NyCKOBOM KOHTeMHepe 
(TNK) w He tpe6yer nposepok u perynupo- 
BOK B TeYeHHe BCero CpoKa Cny6bl. 

5B55P — omvoctynexyataa pakera, Bbi- 
NONHEHHAA NO HOPMaNbHOK azpoAnHamy- 
yeckoW cxeme, C paCKpbiBaembIMM nocne 
ctapta pynamu, CrapT pakeTbi — BepTu- 
KabHbIM, C MOMOUbIO yCTAHOBNeEHHOM B 
TNK katanynbTbl, 6e3 npeABapuTenbHoro 


pa3BOpoTa NyCKOBOH yCTaHOBKM B CTOPOHy 
yenu. Mocne 3anycka gABMratena paketa 
CKNOHAeTCA B Tpe6yeMOm HanpaBneHun B 
3aBMCMMOCTH OT NONOKEHMA YeNM Np No- 
MOU\M ra30BbIX pyne-3nepoHos. 

Npuv HaBegenun pakerbi Mcnonb3yeTcA 
NPWHUMN CONpOBOKAeHMA WENK Yepe3 pa- 
KeTy. Ockono4Ho-dyrachan 6oeBaA YacTb 
6onbWOK MOWHOCTH B COYeTaHUH C BbICO- 
KMMM neperpy3Kamu, KOTOpbie cnocobHa 
BbIMePKMBaTb pakeTa, OGecneynBaWT 3>- 
cbeKTMBHOE NoparKeHue ened, B TOM 4uCne 
VW MHTEHCMBHO MaHeBpMpyioulMx. 

Pakera 5B55P ocHaujeHa BbICOKO3- 
(eKTMBHLIM TBeEpAOTONAMBHbIM ABUraTe- 
nem. KOHCTPyKTMBHO OHa COCTOMT M3 pAga 
OTCEKOB, B KOTOPbIX pacnonoKeHb!: panno- 
nenexratop, annapatypHbii oTcek (6opto- 
BaA annapatypa BbINONHeHa B BUAe MOHO- 
6noka), OCKONOYHO-dyracHan GoeBaA 4aCTb, 
TBEPAOTONAMBHIM PakeTHbIN ABMTaTeNb, ar- 
peraTbi ynpaBneHua pynAmn pakerTel. 
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he 5V55R medium-range missile is 
intended to engage the in-service air 
attack weapons as well as those 


under development, including 
strategic, tactical, and naval aircraft, 
strategic cruise missiles, air-launched 
missiles, tactical and theater ballistic mis- 
siles and UAVs in a wide range of their 
combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. 

The 5V55R is a single-stage missile 
employing a normal aerodynamic configu- 
ration with control surfaces that are 
unfolded after launch. 

The missile is launched vertically with 
an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 





ing on the position of the target, the mis- 
sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

The missile is guided by radio com- 
mands. A powerful fragmentation warhead 
coupled with the missile’s ability to with- 
stand high g-loads ensures efficient 
destruction of targets, including the 
intensively evading ones. 

The 5V55R missile is fitted with a pow- 
erful solid-propellant engine. Structurally, 
it consists of a number of sections housing 
onboard equipment (as a monoblock unit), 
a HE fragmentation warhead, a solid- 
propellant rocket engine, and control 
surface actuators. 
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1. /lyckoeas ycmaxosxa c pakemamu 5B55P 
(Apmua Cnosakuu) 
Launcher fitted with 5V55R missiles 
(Army of Slovakia) 
2,3,4. Cmapm paxembi 5B55P 
Launch of 5V55R missile 
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3PC C-300MM. 3enutHaa ynpaBnaemaa paketa 48H6 


S-300PM AD missile system. 48N6 guided missile 





ee eo 





@HUTHAA ynpaBnAeman paketa Oonb- 
Wow fanbHocTw 48H6 npegHa3Haye- 
Ha AIA NOPadKeHUA KaK COBPEMEHHbIX, 

TaK WM NePCNeKTMBHbIX CpeACTB BO3- 
AyWHOrO HanafeHMA: CamoneTos CTpatern- 
YeCKOHU, TAKTHYECKONW WM MOPCKONM aBuaunn, 
CTpaTerM4eckux KpbiNaTbIx paket, aBvaln- 
OHHbIX PakeT, TAKTUYECKMX MW ONepaTHBHO- 
TakTM4eckux bannuctMyeckux paket, 6ec- 
NWUNOTHBIX NeTAaTeNbHbIX annapaToB, — BO 
BCeM AMana3z0He yCnoBMi Mx Goesoro npu- 
MeHeHMA. 

PakeTa 3KCnnyaTupyeTca B repMeTHY- 
HOM TPaHCNOPTHO-NyCKOBOM KOHTeHepe 
(TMK) w He Tpe6yer nposepok u perynu- 
poBoK B TeYeHMe BCerO CpoKa cnyKO6bl. 
48H6 — omHoctyneHyataa paketa, BbINON- 
HeHHaA NO HOPMaNbHOM azpoAuHamuyec- 


KOM cxeme, C paCKpbiBaeMbIMM nocne 
cTapTa pynamu, 

CrapT paketbi — BepTuKanbHbIi, C no- 
MOUbIO yCTaHOBNeHHON B TINK KaTanynbrTbl, 
6e3 npegBaputenbHoro pa3zBopota nycKo- 
BOW YCTaHOBKU B CTOpoHy uenM. Mocne 3a- 
nycka ABMraTenA pakeTa CKNOHAETCA B Tpe- 
6yemom HanpaBneHuu B 3aBMCMMOCTH OT 
NONOMKEHMA YEN NPK NOMOLIM ra30BbIx py- 
nei-3nepouos. 

Mpw HaBegeHun paketb! ucnonb3yeTca 
NpwHuMN CONpoBOKAeHMA WENM Yepe3 Ca- 
my pakety. OckonoyHo-dyracHan 6boesaa 
4acTb 6onbwWOK MOWHOCTH B COYeTaHUM C 
BbICOKMMM Neperpy3Kamu, KOTOpbie Cno- 
co6xa BbigepKuBaTb paketa, ObecneyuBa- 
OT 3ekTuBHOe NOpaxkeHve YeNnei, B TOM 
4UCNe M MHTEHCMBHO MaHeBpupyIOMx. 





he 48N6 long-range missile is 

intended to engage the in-service air 

attack weapons as well as those 

under development, including 
strategic, tactical and naval aircraft, 
strategic cruise missiles, air-launched mis- 
siles, tactical and theater ballistic mis- 
siles, and UAVs in the complete range of 
their combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. The 
48N6 is a single-stage missile employing a 
normal aerodynamic configuration with 
control surfaces that are unfolded after 
launch. 

The missile is launched vertically with 


an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 
ing on the position of the target, the mis- 
sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

Missile guidance is of the missile- 
tracking type. A powerful fragmentation 
warhead coupled with the missile’s ability 
to withstand high g-loads ensures effi- 
cient destruction of targets, including the 
intensively evading ones. 
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1. Cmapm paxemp: 48H6E Ha eeicmasxe IDEX’93 @ Aby-{Jabu 
48N6E missile launched at IDEX’93 in Abu Dhabi 


2. /lyckosas ycmaxosxKa c paxemamu 48H6 
48N6 missile launcher 
3. Paxema 48H6 8 mpaHcnopmHo-nycKosom KoHMeiiHepe 
48N6 missile in transporting-launching container 
4. [a30ebie u a3podunamuyeckue pynu-3nepoHb! 
Gas vanes and ailerons 
5,6. Cmapm paxemp! 48H6 
Launch of 48N6 missile 
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ae -3enuTHbIe pakeTbi Ana BOHCK NBO . Missiles for the Air Defense Forces ae Se 


XapaKkTepMCTUMKM 3CHMTHbIX yNpaBNAembIx paket ANA 3PK Bouck MBO 
Missiles for the Air Defense Missile Systems (Basic Characteristics) 


3oHa nopakeHua, KM Pa3mep pakeTol, M 
Target engagement zone, km Overall dimensions, m 


no fanbHocTH no BbicoTe pa3max Kpbinbes 
(cra6unu3atopos) 

























Macca 6oes0u 4acTu 
pakeTbi, Kr 


MakcumanbHan 
CKOpOCTb nopawaemon 
yen, KM/4 


Macca pakerbl, Kr 










Ha3sanue Designation 




















Max target speed, 
km/h 





altitude wing (fins) span 
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PakeTbi AA BOUCKOBbIX 
cuctem [BO 


Missiles for the Army 
AD Systems 








NbiT paspa6orkKn MW 3KCNNyaTayMnH 3e- 

HUTHBIX PaKeTHbIX CpeAcTs, Hakon- 

NeHHbIA K KOHUY 1950-x rogos, no3- 

BONMN NOCTABUTb Nepep KOHCTPYKTO- 
pamw HOByO 3afa4y: CO3faTb paKkeTHbie 
cpeactsa MBO, npeghHa3Ha4eHHble ana uc- 
nONb30BaHMA B COCTaBe BOUCKOBBIX Coemn- 
HeHMM. WVHTeEHCMBHOCTb 3THX paboT 3Ha- 
YATeNbHO BO3POCNa Nocne TOFO Kak B aB- 
rycte 1958 roga u3 cocTaBa aptunnepuu 
CyxonyTHbIX BOWCK UCKMIONMNM 3EHUTHbIE 
apTunnepwuickne uw pagMoTexHu4yeckue 
yactu. Ha wx ocHose 6binu o6pa3z0BaHbl 
camocTonTenbHble BoKcKa [BO Cyxonyrt- 
HbIX BOWCK. 

Nepspan pabota MKB “Maken” apna 
BOWCKOBbIX Cuctem [IBO — 3eHuTHaA yn- 
pasnneman paketa 19f] ana 3PK cpegnen 
AanbHoctTn “Kpyr”, KoTOpbIN Co3qaBanca B 
HUM-20 (HayyHo-uccnefoBatenbcKMi 3neKT- 
pomexaHuyeckui uHctTutyT — HVIMM). Ha- 
4ano 3TOK paborTbi Gbino nonomKeHo Nocta- 
HoBneHvem LK KIICC wu Copeta muHuctpos 
CCCP ot 4 niona 1959 roma N° 735-338. 
Heckonbko paHbwe CBO BapMaHT pakeTbl 
ana 3PK “Kpyr” npegnokuno cBepz- 
nosckoe OKB-8 nog pykosog_cTBoM 
J\.B. Jlionvesa. 

PeweHue 0 napannenbHoW pa3pabor- 
Ke AByX pakeT ANA OAHOrO 3PK npecnepo- 
Bano ABOAKYIO YeNb: Kpome “nogctpaxos- 
KM” CBEPANOBCKMX KOHCTpyKTOpoOB, onpo- 
6osanach ufen yHuduKayun pakeTHoro 
opyxua. Paspaborka pakertbi 17/], B KoTO- 
po npegnonaranocb ucnonb30BaTb Map- 
weBbId TBEPAOTONAMBHbIN pPakeTHO-npA- 
MOTOYHbIM ABMraTeNb, a TaKKeE M Apyrne 
WUCHHbIE JOCTMKEHMA HayKH M TEXHMKH, Be- 
NaCb B TO BpeMA M ANA MOAEPHM3MPOBaH- 


Horo BapvaHTa 3PK Bolick MBO C-75. Op- 
HakO neTom 1963 roga pa6orTbi no 17f] uv 
19] 6binuw npekpawjenbi “3-3a YpesBbi4aii- 
HOM CNOKHOCTA AOBOAKM ABMraTeNnbHOK 
yCTaHOBKM. 

B Hayane 1960-x rogos B MKB “®aken 
TaKKe PaCCMaTPMBanaCb BO3MOMHOCTb 
npumexenua B coctase 3PK “Kpyr” 3eHuT- 
HOW pakerTbi 4K60, co3faBaBwenca ANA KO- 
pa6entxoro 3PK M-11. B ornuune oT Kopa- 
6enbHoro, HOBbIA BapwaHT Obin AByxcTy- 
NeH4aTbIM, OCHALABLUMMCA TBEpAOTONAMB- 
HbIMM YCKOpMTeNAMM. 

Cnenyiouan pabota MKB “®aken” 8 
o6nactw BoucKoBbIx cpegcts MBO — yxu- 
@uunposakHan paketa 9M33 ana co3qga- 
Bapweroca 8B HAW-20 camoxoguoro aBTo- 
HomHOrO 3PK “Oca”, a TakKKe ANA KOpa- 
6enbHoro 3PK “Oca-M”. Nonayany cygb6a 
3ToK — HeGonbwMx pa3mMepoB M MaCCbI — 
pakeTbl CKNagbiBaNacb KpavHe CNOKHO HM 
fake APamMaTM4HO. 3aMeHANMCh HE TONbKO 
PyKOBOAMTeNM NpoeKTa, HO WM OpraHH3a- 
unn-pa3spaborunKn. 

Pa6ota, Ha¥aTaA OceHbIO 1960 roga B 
KOHCTpyKTOpcKOM 610po Mockosckoro 3a- 
Boga N° 82, oka3anacb be3ycnewHOU, uv B 
cextaOpe 1964 roga cneunanbHbim pewe- 
Hvem Mpasutenbcrsa Crpanb! 6bina nepega- 
Ha B MKB “®aken”. Onbit, KoTOpbim O6naga- 
nw K TOMY BpeMeHu CneynanncTol “Makena”, 
WX TBOPYeCKaA Hal|eENeHHOCTb Ha NMOMCK 
NEPCNeKTMBHbIX KOHCTPyKTOPCKMX M TEXHO- 
NOFM4eCKMX PeWeHMM NOZBONMAM B KpaiHe 
OKaTbIe CpOKM AObuTeCA BNeYaTNAWWMX 
pe3ynbraTos. YKe BecHow 1965 roga Ha4a- 
AUCb NETHbIE UCNbITAHMA BHOBb CNpoeKTH- 
POBaHHOM pakeTbi, YTO NO3BONMNO BepHyTb- 
CA K NNaHOBOMy Temny paboT no 3PK “Oca”. 


” 





he experience in development and 
operation of the AD missile systems 
acquired by the end of 1950s 
enabled the missile designers to turn 
to a new task: the development of the AD 
missile systems intended for the Army 
units. The work was considerably intensi- 
fied after August 1958 when the AD 
artillery and radiotechnical units were 
excluded from the Army artillery. Those 
units became the basis for an independent 
branch, i.e. the Army Air Defense. 
The first product of the Fakel 
Engineering Design Bureau intended for 
the Army AD was the 19D missile designed 


3PK “Oca-AKM” 
Osa-AKM AD missile system 


for the medium-range Krug AD missile 
system developed in the Research 
Institute #20 (Moscow Electromecha- 
nical Research Institute, NIEMI). The work 
was launched by the Decree #735-338 of 
the Central Committee of the Communist 
Party of the Soviet Union and the USSR 
Council of Ministers of July 4, 1959. 
Earlier, the Sverdlovsk-based Design 
Bureau #8 headed by L. Lulyev proposed 
its own version of a missile for the Krug 
AD missile system. 

The decision on the simultaneous 
development of two versions of missiles 
for the same AD missile system had double 
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Npwnatan Ha BoopyxKeHuve OCeHbIO 
1971 rofa paketa 9M33 HeogHOKpaTHoO 
MOfEPHU3MpOBaNaCd, Np 3TOM NOCTOAH- 
HO ynyYwanucb ee xapakTepucTuKn u 
3KCNNyaTayMOHHble noKa3aTenn. Nocnep- 
Hue BapuaHTbl 3PK “Oca” ocHaweHbi pa- 
ketamn 9M33 B TpaHCnOopTHO-nycKoBbIx 
KOHTeNHepax. 

Bnepsbie 8 Goesbix peictBuax pake- 
Tot 3PK “Oca” npwHanu yyactue BecHon 
1981 roga npw otpaxkeHuu u3paunbcKux 
6ombosbix yaapos no cupniicKum Boi- 
cKam B JiuBaHe. 

Onbit, HaKONNeHHbIM Ha pakete 9M33 
Ana 3PK “Oca”, oveHb npwrogunca, Korga 
cO3faBanaCb pakeTa HOBOrO NOKONeHMA 
9M330 ana camoxoguoro 3PK “Top” (rono- 
BHaA OpraHu3ayna — HUIMM). 

Pa3pa6orka 9M330 Hayanact B 1976 ro- 
ay. Cneyvanucre! MKB “®aken” Hawn pag 
NPWHUMNMANbHO HOBbIX peweHUi, aHano- 
TOB KOTOPbIM B TO Bpema He 6biNO Hu B OTe- 
Y@CTBEHHOU, HM B 3apyOexKHOW npaKkTuKe. 
OHu npeAnoxKunn coBepweHHO HoBytO 
KOHUENUMIO TAKTHYeECKOM 3EHMTHOUM ynpaB- 
AAeMON pakeTol. OHa AOMKHA GSbina BepTH- 
KabHO CTapTOBaTb C NOMOLIbIO KaTanynb- 
Tupyloulero yCTpoucTBa M3 yCTaHOBNeHHO- 
rO Ha CaMOXOAHOW ycTaHOBKe WAM Ha KO- 
pa6ne (9M330 npenHa3HayeHa TaKxKe u 
AJIA MCNONb30BaHMA B COCTaBe KOpabenb- 
Horo 3PK “KawHoK”) TpaHcnopTHo-nycko- 
BOrO KOHTeMHepa, pasBOpayuBaTbca cne- 
UMaNbHOW Fas0AVHaMUYeCKONU CUCTeMON B 
Tpe6yemom HanpaBneHun wu 3aTem, nocne 
3anycKa MapwWeBoro ABMraTenA, BLIXOAUTb 
Ha TpaeKTOpMlO HaBeAeHUA Ha Web. 

A3poqvHamuyeckan cxema 9M330 
aHanoru4Ha cxeme 9M33, 4YTO no3BONMNO 


it PakeTbi nA BOUCKOBbIX CucTem MBO 


purpose: apart from “securing” the 
Sverdlovsk designers, there was an idea 
to unify the missile weapons. The 17D 
missile, which was supposed to feature 
solid-propellant ramjet sustainer, as well 
as to implement other valuable scientific 
and technological achievements, was 
also being developed for the modernized 
version of the S-75 AD missile system of 
the AD Forces. However, in the summer of 
1963, the work on 17D and 19D missiles 
was stopped due to the baffling complex- 
ity of the power plant operational 
adjustment. 

In the early 1960s, the Fakel Engine- 
ering Design Bureau was considering the 
idea of employing the 4K60 AD missile in 
the Krug AD missile system. This missile had 
been designed for the shipborne M-11 AD 
missile system. Unlike the shipborne ver- 
sion, the new system featured a two-stage 
scheme with solid-propellant boosters. 

The next item elaborated by the Fakel 
Engineering Design Bureau for the Army 
AD systems was a unified 9M33 missile for 
the Osa self-propelled autonomous AD 
missile system developed in the Research 
Institute #20, and for the Osa-M shipborne 
AD missile system. At first, the destiny of 
these small-size and low-weight missiles 
was quite complicated and even dramatic: 
not only the heads of the projects, but 
even the developing organizations were 
changed. 

The project that was launched in the 
autumn of 1960 in the design office of 
Moscow Plant #82 turned out to be 
unsuccessful, and under a_ special 
decision of our country’s government the 











3YP 9M331 8 KOoHMedHepe U 3PK “Top-M1” 
9M331 missiles in container & Tor-M1 AD missile system 
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3PK “Top-M1” 
Tor-M1 AD missile system 


o6ecneyntb Heobxo_umyio npeemcTBeH- 
HOCTb pa3pa6orku. Tak Ke, Kak WM Ha 9M33, 
Ha 9M330 ucnonb30BaH BpawiaiouMiica 
OTHOCMTeNbHO MPOAONbHOK OCH paKeTbI 
Kpbinbesow 6nok gnA HeATpanu3aunn 
BO3QeNCTBUA MOMeHTa “KOCOM ObgyBKK”, 
XapakTepHoro ANA azpoAnHamuyeckon 
CxeMbIl “yTKa”. 

Kak 4 B Cnyyae C Apyrumn 3eHMTHBIMM 
pakeTamv HOBOrO NOKONeHMA, NPM CO3pa- 





BTW Pavers: “Oaxena” 





HMM 9M330 peanu30BaHa KOHUeNnuMA O6eCc- 
neyeHMA HafeKHOCTH ee GecnpoBepo4HOK 
3KCNNyaTaMM B BOMCKaX UM Ha Gore B Te- 
yeHue BCerO rapaHTMMHOrO CpoKa. 

C npwHaTMeM Ha BOOpyKeHMe pakeTbi 
9M330 u ee MofepHu3upoBaHHbix BapnaH- 
Tos 6bina 3anoKeHa NpOyHaA OCHOBa ANA 
aektuBHou GopbObb! w Ha none 608, vu Ha 
mMOpe C CaMbIMM COBEPWEHHbIMM CpencTBa- 
MM BO3AYWHOrO HanageHna. 








work was transferred to Fakel in 
September 1964. The experience that the 
Fakel’s experts possessed at that time, 
their creative intention to find perspec- 
tive design and technological decisions 
enabled them to achieve impressive 
results within an extremely short period 
of time. As early as in the spring of 1965, 
they started flying tests of a newly 
designed missile that allowed returning 
to the scheduled timing for the develop- 
ment of the Osa AD missile system. 

The 9M33 missile adopted for service 
in the autumn of 1971 has been modern- 
ized several times, and its characteristics 
and operational parameters have been con- 
tinuously improving. The latest versions of 
the Osa AD missile system have been 
equipped with the 9M33 missiles placed in 
transporting-launching containers. 

The first combat employment of the 
Osa AD system’s missiles took place in the 
spring of 1981, when repelling the Israeli 
bomb strikes at Syrian troops in Lebanon. 

The experience of the Osa AD sys- 
tem’s combat employment was very use- 
ful for the development of a new-genera- 
tion 9M330 missile intended for the self- 
propelled Tor AD missile system (designed 
by NIEMI). 

The development of the 9M330 began 
in 1976. The Fakel’s experts found a number 
of absolutely new designs that at that time 
had no analogs either in the domestic prac- 
tice or abroad. They developed an entirely 
new concept of combat employment of the 
tactical AD missile. It was supposed to be 
vertically launched by means of a catapult 
placed in a transporting-launching con- 








tainer installed on a self-propelled AD mis- 
sile system or aboard a ship (the 9M330 
missile is designed for employment with 
the Klinok shipborne AD missile system, as 
well), to be deflected by a special gas- 
dynamic system in a required direction and 
then, after the start of the sustainer, to 
enter the target guidance path. 

The 9M330 missile’s aerodynamic con- 
figuration is similar to that of the 9M33 
providing for the necessary continuity in 
their development. Similar to the 9M33, 
the 9M330 missile features a rotating con- 
trol surface unit that spins along the mis- 
sile’s longitudinal axis for the neutraliza- 
tion of the “slanting flow”, which is typical 
for the canard aerodynamic configuration. 

Like in the cases of other new-genera- 
tion AD missiles, during the development 
of the 9M330 missile the specialists 
employed the concept of guaranteed relia- 
bility of its operation in the Army and in 
the Navy without any maintenance during 
the entire service life. 

Adopting the 9M330 missile and its 
modifications for service formed a solid 
basis for the effective struggle both on 
land and at sea against the most advanced 
air attack means. 
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3PK “Kpyr”. OnbitHan 3eHUMTHAA ynpaBnaemaa paketa 19] 


Krug AD missile system. 19D experimental guided missile 





a3pa6otky 3YP 19f] Hayanu B MKB 
“Maken” B COOTBETCTBUM C BbINYUeH- 
HbIM B MiONe 1959 roma nocTaHoBne- 
HMeM PYKOBOACTBa CTpaHbl. 
A\pyxctynenyatan paketa 19/] BbinonHeHa 
NO HOPMaNbHOW a3pomMHamMmyecKon cxe- 
me. Ha Kopnyce Mapwesoro TBepfoTonnuB- 
HOFO MPAMOTOYHOFO BO3AYWHO-peaKkTuB- 
Horo p”Buratena (MBP) pa3zmewenb! Kpbi- 
Aba wu pynu. Bropan cryneHb coctoana u3 
NATH OTCeKOB, a ee KOpNyc 6bIN BbINONHEH 
aHanorM4Hbim KOpnNycy paket “cemeiictBa” 
19. NepeaHaa yactb Mapwesouw cTyneHu 
yHuduunposana c paketow 20]. B 3aqnen 
yacTM MapweBow cTyneHH pacnonaranca 
ra30reHepaTop C TONAMBOM M MexXaHM3MbI 
ynpasneuua pynamu. B nepeguen vu 3aqHen 


4aCTAX pakeTbl Ha BHEWHEM KOpnyce IIBPI 
Pa3mewanuch aHTeHHbI. Yckoputenb 19f) 
COCTOAN M3 pakeTHOFO ABMraTeNA TBeEpAOrO 
Tonnusa (PITT), yetbipex cra6unu3atopos, 
ynopHoro KOHyCa M XBOCTOBOrO OTCeKa. 

B 1961-1962 rogax npoBenn Heckonb- 
KO nyckosB 19/]. 

Pe3ynbraTbl, nonyYeHHbIe B Npoyecce 
3TMX NYCKOB, OKA3ZANM 3HAa4YMTeENbHOe BIMA- 
Hue Ha npoBefeHve B MKB “Maken” uv B ero 
MOCKOBCKOM qbunwane fanbHenwux paboT 
B AaHHOM HanpaBnenuy, a TakoKe Ha NOMC- 
KM HOBbIX NyTeH MW KOHCTPyKTMBHbIX pewe- 
HUM ANA JOCTMKEHMA MAKCUMaNbHOU 3¢- 
(eKTMBHOCTH MCnONb30BaHuA IIBPY B co- 
crase 3YP. 


he Fakel Engineering Design Bureau 
began to develop the 19D AD missile 
in compliance with the governmen- 
tal resolution of July 1959. 
The 19D two-stage missile employed a nor- 
mal aerodynamic configuration with wings 
and fins fixed on the ramjet engine’s body. 
The second stage comprised five sections 
and its body construction was similar to 
that of the 1D missile family. The fore part 
of the sustainer was unified with the 20D 
missile. The rear part of the sustainer 
housed a gas generator with fuel and con- 
trol surface actuators. Antennas were 
fixed in the fore and rear parts of the mis- 
sile, on the ramjet’s outer body. The 17D 
booster comprised a_ solid-propellant 


engine, four stabilizing fins, a thrust cone, 
and a tail section. 

In 1961-1962, a number of launches 
of the 19D took place. 

The results of these launches consid- 
erably influenced the subsequent work of 
Fakel and its Moscow division in this direc- 
tion and facilitated the search for new 
trends and constructive solutions to 
achieve the maximum effectiveness of 
ramjets used in the AD missiles. 
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3PK “Kpyr”. 3enuTHaA ynpaBnaemaa paketa 4K60 


Krug AD missile system. 4K60 guided missile 





Hayane 1960-x rogos 8 MKB “®aken 
6bina pacCMOTpeHa BO3MOKHOCTb 
npwmeHenua B coctase 3PK “Kpyr” 
3€HUTHOM pakeTbi 4K60, co3qaBaB- 
weiica ana KopabenbHoro 3PK M-11. 
fjaHHbIW BapwaHT pakeTbi 6bin gByx- 
CTYMEHYaTbiM, OCHAUJeHHbIM TBepgAOTON- 
AMBHbIMM ycKOpuTenamu. Mapwesan crTy- 
N@Hb pakeTbl BbINOMHeHa NO HOPMaNbHOK 
a3POAMHaMUYeCKON Cxeme. 

CrapT pakeTbl — HaKNOHHbIi, C NyCKO- 
BOM YCTaHOBKH, HABOAMMON No yrny Hv a3u- 
myTy mecta. YnpasneHue nonetom pakeTbi 
W HaBefeHve ee Ha Wenb OCyUeECTBNAIOTCA 
no paqvokomaHgam. Mogpbis 6Goeson yac- 


TH pakeTbl OCyWeCTBAAeTCA NPM Nog~NeTe K 
yenw Ha HeEOOxogMMoe paccTosHue No KO- 
MaHfe PpagMos3pbisatena nu6o no KOMaH- 
Ae OT CTaHuMn HaBefeHua. 
KOHCTpyKTHBHO MapweBan CTyNeHb 
PaKeTb! COCTOMT M3 PAAa OTCeKOB, B KOTO- 
PbIx PaCnONoKeHbI: pagnoB3pbiBaTenb, OC- 
KONOYHO-tyracHan Ooesaa YacTb, 6noKn 
6optosoi annapatypti, AByxpexumHbiit 
TBEPAOCTONNMBHbIN pakeTHbIM ABUraTenb, 
arperaTb! ynpaBneHua pynAamu pakeTbi, 
NpWeMHMKK KOMaHA ynpaBneHua. 


arly in the 1960s, the Fakel 
Engineering Design Bureau was con- 
sidering the idea of employing in the 
Krug AD missile system the 4K60 
missile, which had been developed for the 
shipborne M-11 AD missile system. 

This missile modification featured two 
stages fitted with solid-propellant boost- 
ers; the sustainer employed normal aero- 
dynamic configuration. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands. The 
warhead is detonated in the required prox- 


imity to the target either by a command 
from a radar fuze or from a guidance radar. 

Structurally, the 4K60 missile compris- 
es a number of sections housing a radar 
fuze, a HE fragmentation warhead, 
onboard equipment units, a dual-mode 
solid-propellant rocket engine, missile 
control surface actuators and control com- 
mand receivers. 
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3PK “Oca”. 3eHuTHaA ynpaBnaemaa paketa 9M33 


Osa AD missile system. 9M33 guided missile 





@HMTHAA ynpaBnnemaa paketa manou 
AanbHocTw 9M33 npeAka3Hayena ANA 
nNopayKeHMA Pa3NM4HbIx CpeACTB BO3- 
AyWHOrO HanageHua: CaMoneTosB Tak- 
TMYeCKOM aBuaunu, BepTONeTOB uw pakeT 
Pa3NU4HbIx KNaCCOB — B WApOKOM AMana- 
30He ycnoBuii ux GoeBoro npuMeHeHMA. 
9M33 — ogHocTyneHyaTan pakeTa, BbI- 
NOMHEHHAA NO aIPOAMHAMMYECKON Cxeme 
“ytKa", CO CBOBOAHO BpaujatoWMMcA XBOC- 
TOBbIM KpbiNbeBbim 6NOKOM. 

CrapT pakeTbl — HaKNOHHbIM, C NOCTO- 
AHHbIM YOM BO3BbILIEHMA, C NYCKOBOM yc- 
TaHOBKM, HABOAMMOKM NO a3MmyTy MeCTa. 
YnpapneHue nonetom pakeTbi m HaBefeHue 
@@ Ha WeNb OCYLECTBNAIOTCA NO pagnoKo- 
MaHgaM, KOTOpbie NOCcTynaloT OT CTaHWMU 


HaBefeHUA, PaCNONOKeHHOM Ha BHoeBon 
mMawnHe. Moppbis 6oeson yactu pakerTbl 
OcyuecTBNAeTCA NpM nogAnete K Uenn 
no KOMaHfe pagnoB3pbiBatena nn6o 
no KOMaHge, NocTynaiowen oT cTaHynn 
HaBefeHua. 

KOHCTpykTMBHO paketa 9M33 coctouT 
W3 pAfa OTCeKOB, B KOTOPbIX pacnononKe- 
HbI: pagMOB3pbiBaTenb, arperatb! ynpaBne- 
HMA PyNAMM PakeTbI, OCKONOYHO-yracHaa 
6oesan YactTb, 6noKn Goptoso annapaty- 
Pb, ABYXPeKUMHbIA TBEPAOTONAMBHbIN pa- 
KeTHbIN ABUTaTeNb, NPHEMHMKM KOMAaHA yn- 
paspnenna. 

PakeTa BbiINyCKanacb B pa3NM4HbIx 
mMogMduKaunax, B TOM 4ucne 9M33M, 
9M33M2, 9M33M3. 


he 9M33 short-range missile is 

intended to engage various air 

attack weapons: tactical and naval 

aircraft, helicopters and various 
types of missiles in a wide range of their 
combat use. 

The 9M33 is a single-stage missile 
employing a canard aerodynamic configu- 
ration with a freely-rotating aft wing unit. 

The missile is launched at an angle 
with a fixed elevation from a launcher laid 
in azimuth. Missile flight control and gquid- 
ance are accomplished via radio commands 
from a guidance radar mounted on a com- 
bat vehicle. The warhead is detonated in 
proximity to the target by a command from 
a radar fuze or from a guidance radar. 


Structurally, the 9M33 missile consists 
of a number of sections housing a radar 
fuze, missile control surface actuators, a 
HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control com- 
mand receivers. 

There were several modifications of 
the missile, including the 9M33M, 
9M33M2, 9M33M3 versions. 
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1. Paxema 9M33 neped nepesim nycKom, Mapm 1965 2. 
9M33 missile before its first launch, March 1965 


2. Mepesid nyck paxemoi 9M33 
First launch of 9M33 missile 


3. Modzomosxa paxemb: 9M33 x ucnbimaHUAM 
9M33 missile being prepared for tests 


4. Jlemoncmpauun 3PK “Oca” Ha napade, Kpacxaa Mnowads, 1973 2. 
Osa AD missile system at the parade (Red Square, Moscow, 1973) 
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5. Paxema 9M33M3 u mpaxHcnopmuHo-nycKosou KoHMetinep 
9M33M3 missile & transporting-launching container 


6. Azpodunamuyeckue pynu paxembi 9M33 
Aerodynamic control surfaces (9M33) 
7. Kpbineesot 6Gaox paxemoi 9M33 
Control surface unit (9M33) 


8. 3PK “Oca-AKM” Ha ywenuax 
Osa-AKM AD missile system at the exercises 
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- lyck paxembi 9M33, Apmua [peyuu 


Launch of 9M33 missile (Army of Greece) 


- 3PK “Oca-AKM”, Apmus Nonswu 


Osa-AKM AD missile system (Army of Poland) 


« 3PK “Oca-AKM”, Apmexua 


Osa-AKM AD missile system (Armenia) 


- Japamanue 3PK “Oca-AKM” 


Loading the Osa-AKM AD missile system 


« 3PK “Oca-AKM” 


Osa-AKM AD missile system 
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3PK “Top”. 3eHuTHaA ynpaBnaemaa paketa 9M330 


Tor AD missile system. 9M330 guided missile 





eHUTHAA ynpaBnnemaa pakeTa Manon 

AanbHocTw 9M330 npegHa3HayeHa 

ANA NOpakeHMA pa3sNM4HbIx CpeAcTB 

BO3AYWHOFO HanageHMA: CamoneToB 
TaKTM4eCKOM aBvalMu, BepToONeTosB, yn- 
papnaembix 60m6 wu paket pa3nn4Hbix 
KNaCCOB — B WMPOKOM AMana3zoHe ycnoBuik 
ux 6oeBoro npumeHeHnA. 

Paketa 3KcnnyaTupyeTca B repmeTH4- 
HOM TPaHCNOPTHO-nycKOBOM KOHTeHHepe 
(TNK), He Tpe6yet nposepok u perynupo- 
BOK B TeYeHue BCerO CpoKa Cry Obl. 

9M330 — ogHocTyneHYaTaA paketa, 
BbINOMHEHHAA NO aIPOAMHAMUYECKON Cxe- 
me “yTKa”, C pacKpbiBaembIM Nocne cTapTa 
CBOOOAHO BpaljaiOuMMCA XBOCTOBbIM KPbI- 
nbesbim Gnokom. CrapT paketbi — BepTH- 
KaNbHbIM, C MOMOU\bIO YCTaHOBNeHHON B 
TNK katanynbtel, 6e3 npeaBapuTenbHoro 
pa3BOpoTa NyCKOBOK ycTaHOBKH B CTOpOHy 
uennu. Mocne Bbixoga paketbi 3 TINK, ne- 
pe 3anycKOM pa3rOHHO-mMapwesoro fABH- 
raTens, OHA CKNOHAeTCA B TpebyemMomM Ha- 


NpaBNeHMN C NOMOLIbIO CNeyMaNbHOH ra30- 
AMHaMM4eCKON CMCTeMBI. 

YnpasnexHuve noneTomM pakerbi M HaBe- 
menue ee Ha Web OCyWeCTBNAeTCA NO pa- 
AMoKOMaHAaM, KOTOpbie nocTynawT OT 
CTaHWUMM HaBefeHMA, PaCcnONOKeHHON Ha 
6oesoi mawuHe. Mogpbis 6oesow yacTu 
PakeTbi NPOM3BOAMTCA NPM NogANeTe K YEN 
no KOMaHAe pagMoB3pbiBatena nu6o 
no KOMaHge, NocTynawuled OT CTaHyMH 
HaBefeHua. 

KOHCTpykTMBHO pakeTa 9M330 cocTo- 
UT M3 PAA OTCEKOB, B KOTOPbIX pacnono- 
‘KEHbI: PaAMOB3pbiBaTeNb, arperaTb! ynpaB- 
NeHMA PyNAMM PakeTbI, CuCTeMa ra30QuHa- 
MMU4eECKOFO CKNOHEHMA PakeTbl, OCKONOY- 
HO-dyrachan 6oesan Yactb, 6noKn 6oprto- 
BOM annapaTypbl, AByXpexKuMHbIN TBeEpAO- 
TOMMMBHbIA PakeTHbIA ABMraTeNb, NpKem- 
HMKM KOMaHA ynpaBneHMa. 

Paketa TakKoKe BbINyCKaeTCA B MOANU- 
Kaynn 9M331. 


he 9M330 short-range missile is 

intended to destroy various air 

attack weapons: tactical and naval 

aircraft, helicopters, guided bombs 
and various types of missiles in a wide 
range of their combat use. 

The missile is operated in a sealed 
transporting-launching container and does 
not require any maintenance and check- 
ups throughout its entire service life. 

The 9M330 is a single-stage missile 
employing a canard aerodynamic configu- 
ration with a freely-rotating aft wing unit 
that unfolds after the blast-off. The missile 
is launched vertically from its transport- 
ing-launching container by means of a cat- 
apult mounted in the container, without 
prior laying the launcher in the direction of 
the target. After the missile leaves the 
transporting-launching container and 
before the sustainer booster is started, the 
missile is deflected in the desired direction 
by means of a special gas dynamic system. 


Missile flight control and guidance 
are accomplished via radio commands 
from a guidance radar mounted on a com- 
bat vehicle. The warhead is detonated in 
proximity to the target by a command 
from a radar fuze or from a guidance sta- 
tion. 

Structurally, the 9M330 missile con- 
sists of a number of sections housing a 
radar fuze, missile control surface actua- 
tors, a gas dynamic missile deflection sys- 
tem, a HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control com- 
mand receivers. 

The modified version of the 9M330 
missile is the 9M331. 
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1. 3PK “Top” c paxemamu 9M330 
Tor AD missile system fitted with 9M330 missiles 












2. Hocosar yacmb paxemb! 9M330 
9M330 missile’s fore section 


3. Kpbinbesod 6noKx paxembi 9M330 
9M330 missile’s control surface unit 





4. ZJapamanue 3PK “Top” 
Loading Tor AD missile system 
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M2 
MOOVNb JM334 C YEMbIDEMA 





M22 
paxemamu 9M331 





, ir 9M231 missiles 
with four 9M331 missiles 





4. 3PK “Top M1”, Apmua [peuuu 





n (Army of Greece) 
3PK “Top M1 
9M331 missiles nched by Tor-M1 AD missile system 


nupyembil sapuanm 3PK “Top M1 





insportable version 
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XapakTePUCTUKM 3EHUTHbIX YNPaBAAeMbIX PakeT ANA BOUCKOBbIX cucTem [BO 
Missiles for the Army Air Defense Systems (Basic Characteristics) 


30Ha NopakeHuA, KM Makcumanbxan Macca paxertol, Kr Macca 6oe80i yactu Pa3mep pakeTbi, M 
CKOPOCTb nopakaemon pakeTol, Kr 


yenn, KM/4 Overall dimensions, m 


Target engagement zone, km 
Haspanne Designation no fanbHocT™H no BbicoTe AvameTp pasmax Kpbinbes 
Max target speed, Missile weight, kg Warhead weight, kg (cra6unwzatopos) 


range altitude ~ 


diameter wing (fins) span 


Fonas [ons [15-20 | o0es 5 
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3@HMTHbIe pakeTbI ANA 
KOpabenbHbIx 3PK 


Missiles for the Naval 
Air Defense Systems 
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a4yano npoyeccy ocHaweHua GoeBbix 
Kopa6nen 3eHMTHbIMM ynpaBnAembi- 
MM pakeTamu 6bino NonoKeHO B 50-e 
rOAbl MMHYBwerO Beka. BbicTpbii 
nporpecc aBvaynu, norBneHue ynpaBnae- 
MbIX PaKeT M CaMONETOB-CHaPAAOB Ha BO- 
OpykeHuM KOpabneh uw CamMoneToB He OC- 
TaBNANM NpakTMYeCKM HUKAKMX WaHCos Ha 
no6eny B MopcKom 6010 Kopa6naM, KOTO- 
pble OT HanafeHuA C BO3AYxa MOrNM 3al\n- 
UWaTbCA NMWb 3EHUTHON apTunnepven. Mo 
CyTM ena HapBoAHbIh not (M He TONbKO 
copeTcKui) B Te rogbi 6biIn nocTaBNeH ne- 
peg Henpoctbim BbIGopom: nu6o OH G6ypeT B 
COCTOAHMM OTpakKaTb aTaKM CamoNeTOB HM 
paket, nu60 emy npegctouT colitu co cye- 
Hbl KaK CAMOCTOATENbHON GoeBon cune. 
Pa6oTbl nO CO3QaHMiO 3eHMTHBIX yn- 
Papnaembix paket Ana 3PK copetckux 6oe- 
BbIX KOpabnei HaYanucb B CepemMHe NATH- 
fecatbix rogos. V nepsoi 8 3ToM pay ObI- 
na yctaHosnenHan B 1958 rogy Ha Oopty 
Kpeucepa YepHomopckoro dnota “f\3ep- 
XKUHCKMM” 3eHMTHAA paKkeTHaA CUCTeMa 
M-2 “Bonxos-M” (SA-N-2 — no Knaccudu- 
Kkaunn HATO), ucnonb30BaBswan pakerTbl 
cpeguew panbHoctw 13{\M. 3PK “Bon- 
xoB-M” 6bin KopabenbHbIM aHanoroMm KOM- 
nnekca C-75 soitck MBO. CneynanbHo ana 
“Bonxopa-M” B MKB “®aken” mognduun- 
posann pakety 1f], sxoquswy B cocTaB 
C-75. Ee kopa6enbHan mogudukauna — 
gpyxctyneHuatan paketa 13f)M sHewHe 
BECbMa HE3HAYMTENbHO OTNMYANACd OT Ha- 
3@MHOFO BapuaHTa. Boinw w3mMeHeHb!I NMWb 
y3bl NoABeCcKM K CTapToBOM HanpaBnaw- 
wei W 3aMeHEH PAA KOHCTPYKUMOHHBIX Ma- 
Tepnanos C y¥eTOM 3KCnnyaTayMn paketbl 
Ha KopaOnax. 


Nyckn 13{]M, Hayatble OceHbIO 1958 ro- 
fa c “[j3epkuHcKoro”, noKa3anv NpvHuUM- 
MMaNbHy!O BO3MOMKHOCTb ee MCNONb30Ba- 
HMA B Ka4ecTBe KOpabenbHOrO opyxKuA. 
Ogvako npuHaTbin B Hayane 1960-x rogoB 
Ha BoopyxeHue nota “Bonxos-M” no pa- 
AY Npu4uH He Nonyyun WHpOKOrO pacnpo- 
ctpaHenua. He snonue ygosneTsopunn 3a- 
Ka34nKOB uM pakeTbi 131M — npexkge Bcero 
M3-3a CBOMX pa3MepoB (OHM 3aHMManK 
MHOFO MECTA, YTO 3HAYMTEbHO CHM)KANO UX 
6oe3anac Ha KOpaOne), a TakKe W3-3a Ha- 
M4MA Ha MX MapweBOW CTyMeHM TOKCMY- 
HbIX M aTPECCMBHbIX KOMNOHEHTOB TONNMBa 
(pa6ota C HMMM OKa3aNaCb BeCbMa Cepbe3- 
HOM npobnemow pANA mopaKosB). MV xoTa 
csov yenn “Bonxos-M” nopakan npumep- 
HO C TOW Ke 3c:peKTMBHOCTbW, 4TO M ero 
Ha3emHbIi CoOpat, BONpoc O nonHomac- 
wTa6HOM pa3mMeweHun Ha KOpabnax 3PK 
CpeAHen AaNnbHOCTH OCTANCA OTKPbITbIM. 

NapannenbHo c pabotamu no M-2 B 
HUM-10 (HUM “Anttaup”), KoTopbii cTan 
rONOBHLIM Pa3spaboTHnKOM KOpabenbHbIx 
3PK, Benucb paborbi no Co3gaHuio 3CHMTHON 


r ——— 





he practice of equipping combatant 

ships with AD missiles dates back to 

the 1950s. The rapid development 

of aircraft along with the arming of 
ships and aircraft with missiles and flying 
bombs left almost no chance to win a 
naval battle for ships relying only on AD 
artillery to defend themselves from air 
attacks. As a matter of fact, at that time, 
the surface fleet — and not only in the 
Soviet Union alone — was facing a dilem- 
ma that was anything but simple: either 
it would be capable of repelling air 
attacks of aircraft and missiles, or it 
would cease to exist as an independent 
combat force. 

The work on creating missiles for the 
Soviet combatants’ AD systems began in 
the mid-1950s. The M-2 Volkhov-M AD 
missile system (NATO reporting name 
SA-N-2) became the first one to be 
installed on board the Dzerzhinsky Black 
Sea Fleet cruiser in 1958. The M-2 sys- 
tem employed the 13DM medium-range 
missiles. 


The Volkhov-M AD missile system was 
a shipborne analog of the S-75 system 
used by the AD Forces. The 1D missile, 
originally intended for the S-75 system, 
was specially modified at the Fakel 
Engineering Design Bureau to meet the 
requirements of the Volkhov-M. Its ship- 
borne modification — the two-stage 13DM 
missile — barely differed in its appearance 
from the ground-based version. The few 
things that were changed included the 
launcher hold-down lugs and a number of 
engineering materials that were replaced 
to tailor the missile to naval operations. 

The first launches of the 13DM that 
were made off the Dzerzhinsky in the 
autumn of 1958 demonstrated that in gen- 
eral, the missile could be used as a naval 
weapon. However, for a number of reasons, 
the Volkhov-M, which became operational 
with the Navy in the early 1960s, was never 
employed on a large scale. The 13DM mis- 
siles did not quite satisfy the customers 
either, mainly because of their size: these 
missiles took up much space, which con- 














Kpeticep npoexma 63 c 3PK M-1 u M-3 (npoexm 1957 2.) 


Project 63 cruiser fitted with M-1 and M-3 AD missile systems (1957) 


Paketbt “Makena” Fakel’s Missiles 


pakeTHow cucTembi M-1 “BonHa” (SA-N-1). 
PakeTbl 3T0M Cuctembi — 4K90 6binu yHn- 
cbMuMpOBaHbI C pakeTaMM 3eHMTHON paKeT- 
How cuctembl C-125 sock MBO crpanei. 
[naBHoe OTAMYMe 3TMX PakeT COCTOANO B 
MCnONb3OBaHMM Ha UX Nepsou vu BTOpOH 
cTyNeHAX TONbKO TReEpAOTONAMBHEIX ABUra- 
teneu. Bnarogapa 3Tomy 6bina 3HayuTenb- 
HO yNpoujeHa Mx 3KCNnyaTayMA Ha KOpab- 
nax. Cpean Apyrux HoBpwecTs, npymeHeH- 
HbIx B 4K90, MOKHO Ha3BaTb pacKkpbiBae- 
Mble NocNe CTapTa paketbl crabunu3atope 
Ha yCKOpwTene — 3a C¥eT 3TOrO ymeHbula- 
Ach rabapuTbi pakeTbi npu ee Haxompe- 
HMM B 60eB0M OTCeKe KOpa6na M Ha NyckO- 
BOW yCTaHOBKe. 

B Hayane 60-x roqoB 3Ta 3eHUTHaA CH- 
crema 6bina ucnbitaHa Ha 3cmmHue “Bpa- 
Beli” WB 1962 rogy npuHaTa Ha BOOpyxKe- 
Hue Cosetckoro BM®, 

Cnegyiouwm atanom ana “MaKena” cra- 
Na pa3pa6orka pakerbi 4K91 pna mogepHn- 
3MpOBaHHOrO BapMaHTa 3PK “BonHa-M”. Ee 
OCHOBHbIM OTMM4MeM OT 4K90 cTano uc- 
NONb3IOBaHve 3HAauUTeNbHO Gonee addex- 
TMBHbIX ABUaTeNbHbIX YCTAHOBOK. ITO 3Ha- 
4MTeNbHO yNyYWHNO ee xapakTepucTuKu. 
BHewHe HOBaA pakeTa OTNMYANACb OT CBO- 
ei NpeAWweCTBeEHHMUbI NU TeM, YTO Ha yc- 
KOpMTeNe NOABUNMCh ABe TOPMO3HbIe Nno- 
CKOCTM, KOTOpble NpegHa3Hayanucb ANA 
YMeHbWEHMA PasMePOB 30HbI ero NageHua 
nocne OKOHYaHMA paboTbI. Ha BOOpyKeHne 
kopa6neh BM® 3ra pakerta 6bina npunata B 
cepequue 60-x rogos. 

B cBA3u C TeM, YTO CucTema M-2 He no- 
Ay4uNa WMpOKOrO pacnpoctpaHeHua, B 
KoHYe 50-x rofoB Hayanucb paboTbi no co- 
3aHu0 HOBOFO KOpaGenbHoro 3PK cpen- 
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He AanbHocTH M-11 4 HOBO pakeTe! Ana 
Hero. 3Ta paketa, np coxpaHeHun BCex 
6oesbix Kayects 13{)M, 8 To »Ke Bpema 
AONKHA GObina cTaTb OAHocTyneHyaTon, 
TBEPAOTONAMBHOU, MMeTb B NONTOpa-pBa 
pa3a MeHbuwMe Maccy uv rabaputTbl. 

YcnewHoe pewenve 8 MKB “®axken” 
NOCTABNEHHOM 3aQa4n CTaNO BO3MO)KHbIM 
3a C4eT peann3ayMn KOMNAeKCa Meponpu- 
ATM, B YACNO KOTOPbIX BxXOAMAM: BbIbOP 
Pa\woHaNbHOro MeTOAa paAMOoKOMaHpAHOrO 
HaBeQeHMA pakeTbi Ha enb; BbIGOp ee az- 
POAMHAMM4eCKON CxeMbI; pa3spaborka ner- 
KOM MW NPOYHOM KOHCTpyKuMM HU, ecTecTBeH- 
HO, CO3AaHMe MaKCUMaNbHO 3dsektusHon 
ABUraTeNbHOH yCTaHOBKM C ABYMA PexKuMa- 
MM TArM. VMeHHO Co3qaHue Takoro ABura- 
TeNA — C BbICOKMM MaCCOBbIM COBepweHCT- 
BOM KOHCTPyKUMH, CHapAXKEHHOFO BbICOKO- 
3HekTusHbim ToNNuBOM — w CTano oT- 
NpaBHOK TOYKON, OCHOBOK ANA ycnewHoOu 
Pa3pa6orTKu 3TOW paxerTi. 

Jletom 1964 roga Hayanncb ee netHbie 
MCNbITaHMA, 3AKOHYMBWMECA B 1967 ropny 
Ha Kopa6nax YepHomopckoro ¢pnora. Nep- 
BbIM KOpaOnem, OCHAaUeHHbIM HOBON CucTe- 
mou, CTan 8 1967 roy npoTuBonofoYHbii 
Kpeiicep “Mocksa”. 

Pakerbi, co3qaHHbie ana M-11 (SA-N-3), 
nonyynsuine O6o3HayeHue 4K60, cnocob- 
HbIe NEPeXBaTbIBaTb BbICOKOCKOPOCTHbIE 
enw B WMPOKOM cnekTpe BbICOT, 6binu 
pa3BepHyTbl Ha Gonbwux npoTMBONOg;OY- 
HbIxX KOpaONAXx M Ha TAKENbIX aBMAaHECyLyMx 
Kpeiicepax. Mo cpaBHeHuw c Cuctemoi M-1, 
HOBaA OOnagana pafom ocobexHHoctTen, 
CBAZAHHbIX C NyYwe CNoCcObHOCTbIO NOpa- 
KaTb HUZKONETALME MaHEBpUpyioUe Le- 
AW B YCNOBMAX NMpMMeHEeHMA CpepcTB 


siderably reduced the ammunition reserve 
that a single ship could carry. Also, the 
sustainer stage of the 13DM contained 
toxic and deleterious propellants, which 
turned handling them into a rather serious 
problem for the seamen. And although the 
target kill effectiveness of the Volkhov-M 
was approximately the same as of its 
ground-based prototype, the issue of the 
full-scale deployment of medium-range 
AD systems on ships remained open. 

Simultaneously with the work on the 
M-2 system, the Research Institute #10 
(currently, the Altair Research Institute), 
which became the leading designer of the 
naval AD systems, continued working on 
the M-1 Volna AD missile system (SA-N-1). 
The 4K90 missiles employed in this system 
were unified with the ones of the $-125 AD 
missile system in service with the national 
AD Forces. These two missiles featured 
only solid-propellant engines in both first 
and second stages. This allowed simplify- 
ing their operation on ships. Among other 
improvements used in the 4K90, we may 
mention the booster fins unfolding after 
launch, which allowed minimizing the 
dimensions of the missile when inside the 
ammunition compartment of a ship and on 
a launcher. 

In the early 1960s, this AD system 
was tested on the destroyer Bravy and in 
1962 was adopted for service with the 
Soviet Navy. 

Elaboration of the 4K91 missile for the 
upgraded Volna-M AD missile system 
became the next task for Fakel. The 4K91 
differed from the 4K90 mainly in the 
employment of much more efficient 


engines that considerably improved the 
missile’s performance. The only difference 
in the new missile’s appearance compared 
to its predecessor was the emergence of 
two braking surfaces on the booster for 
reducing the size of its post-operation 
impact zone. The missile was adopted for 
service with the Navy in the mid-1960s. 

Since the M-2 system was never used 
ona large scale, the elaboration of the new 
M-11 medium-range shipborne AD missile 
system and a new missile for it began in 
the late 1950s. The new missile was sup- 
posed to retain all combat characteristics 
of the 13DM, at the same time being single- 
staged, liquid-propellant and about two 
times lighter and smaller in size. 

Fakel managed to successfully solve 
the task only due to carrying out a number 
of measures that included: choosing an 
efficient method of guiding a missile to a 
target via radio commands; choosing the 
missile’s aerodynamic scheme; designing 
a light yet sturdy airframe; and, naturally, 
elaborating the most efficient engine. It 
was the weight perfection of the engine 
running on high-performance fuel that 
became the starting point and a keystone 
of the successful work on the missile. 

In the summer of 1964, the missile’s 
flight tests began, which ended in 1967 on 
board the Black Sea Fleet ships. The ASW 
cruiser Moskva became the first ship 
equipped with the new system in 1967. 

The missiles developed for the M-11 
(SA-N-3) were designated 4K60; they 
were capable of intercepting high-speed 
targets within a wide range of altitudes 
and were installed on the large ASW 


PagMo3znekTpoHHoro npoTusopenctewa. B 
TeyeHnve nocnepyiouMx 15-20 net cuctema 
M-11 c paketamu 4K60 Bxoguna B YucnO 
CambIx 3ccekTMBHbIX KOPabenbHbIX pakeT- 
HbIX CpefcTB. 

Manora6aputTHan 3eHMTHAA pakeTHaA 
cuctema “Oca-M” (SA-N-4), BBegeHHaA B 
ctTpoi 8B 1971 ropy, — Kopa6enbHbIh Bapu- 
aHT CaMOxOgHo cuctempl “Oca” Cyxonyt- 
HbIX BOUCK. Vx pakeTbl MaKCMMasbHO YHH- 
duunposanbl. flaxe pa3zpabatbipanuch 
OHM NO eANHOMy 3afaHuWd, B KOTOPOM Co- 
OTBETCTBYIOWIMM O6pa30m Bbina OTparkKeHa 
Kopa6enbHan cneunduka 6ypywero uc- 
nONb30BaHMA. 

Co3qaHve 9M33 notpe6bosano npose- 
AeHMA WHPOKOrO Kpyra UCCNeAoBaHnH, No- 
CKONbKY, KaK OKA3aNOCb, HeboNbwWHe pa3- 
MepbI pakeTbI BOBCe He rapaHTMpoBann Co- 
OTBETCTBYIOWeErO CHMKEHMA TpPyAO3aTpar. 
Ckopee Hao6opor. B npoyecce atx pabot 
Ha “®akene” 6bin npoaHanu3upoBaH BeCb 
UMEBWWMUCA K TOMY BPeEMeHH ONbIT OTeYeCT- 
BEHHOFO M 3apyO@KHOFO pakeTOCTPOeHuA B 
yacTu, KaCaBweiicA paspaboTKH pakerT no- 
no6xoro Knacca. Boinu cpenanbi B KB uv co- 
OTBETCTBYIOLIMe BbIBOAbI, NOZBONMBWHE B 
oyepefHow pa3 goOuTbcA BbICOKOrO pe- 
3ynbtata. 9M33 oTAMYaeTCA OT PakeT-aHa- 
noros, npexge Bcero, cB060qHO Bpaliaw- 
UMMCA KpbinbeBbim 6noKom. MMpnmeHeHue 
Takoro 6NOKa NOMOFNO 3aMETHO PaCWMPUTb 
BO3MO)KHOCTM UCNONb30BaHHON ANA pake- 
Tbl AadpOAMHaMMYeCKON CxembI “yTKa”, NO- 
CKONbKY OH CHM3MN HeraTHBHOe BMAHKe 
Ha NONeT pakeTbl BOZHMKAOWMX Napa3zuT- 
HbIX A3POAMHAMMYECKMX MOMEHTOB M CHI. 
Pe3ynbTaTom ero mpwmeHeHMA cTano u 
yM@HbWeHMe MaCCbI CMCTeMbI ynpaBneHuA 


Paxemb! 4K60 Ha nycKosou ycmaHosKe 
4K60 missiles on the launcher 


pakeTbl, COXpaHMBWwen npn 3TOM 3dex- 

THBHOCTb CBoen paboTH. 
MpusnekatenbHou OCcOGeHHOCTbIO CHC- 

Temp! “Oca-M” cranw pe cTapToBbie Ha- 


ships and heavy aircraft-carrying cruis- 
ers. Compared to the M-1 system, the 
new weapon system featured character- 
istics providing an improved ability to 





engage low-flying evading targets in the 
ECM environment. Within the next 15-20 
years, the M-11 system fitted with the 
4K60 missiles ranked among the most 
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NpaBnaAloulMe NYCKOBOM yCTaHOBKH, KOTO- 
pbie y6upaioTca nog nany6y Bo Bpema g”Bn- 
*KEHUA KOPabNA, KOFMa OH HAXOMMTCA BHE 
6oeB8ok o6ctaHoBKH. Bnarogapa CBoum BbI- 
COKMM XapakTepKcTHKaM HM yAOOcTBY B 3KC- 
nayatayunu, “Oca-M” — ofHa u3 Han6onee 
MaCCOBbIX KOpabeNbHbIX 3@HUTHbIX CUCTeEM. 

K KoHUy 60-x rofoB co BCew oYeBug- 
HOCTbIO OGO3HAYMNOCh KayeCTBEHHOe H3- 
M@HEHME PaCCTaHOBKM CM Ha MOpe, CBA- 
3aHHOe, Npekse BCero, C NOABNEHMeM HO- 
BbIX, elle Gonee acbdekTuBHbIX BUAOB pa- 
KeTHOFO OPyKUA, C WHPOKUM OCHaleHveM 
3TUM OPyKUNeM CaMONeTOB, HaBOMHbIX KO- 
pa6nev uw nopBogHbix nogoK. Beicokan 
CBEPX3BYKOBaA CKOPOCTb M MUHMMasbHble 
BbICOTbI NONeTa, MaHEBPEHHOCTb, ManaA pa- 
AMONOKAWMOHHAA 3aMeETHOCTb, yBeNu4eH- 
Hoe Nopakaluwee AeCTBNe, BOZMOMKHOCTb 
MaCCMpOBaHHOro NpMMeHeHMA UM OpraHy3a- 
UMM aTak C pa3nM4HbIx HaNpaBneHu — BOT 
faneKO He NONHbIN NepeYeHb OCOGeHHOC- 
Tei HOBOFO NOKONeHMA Opy)KUNA BO3AYWHO- 
ro HanageHua. ECTeCTBeHHO, YTO ero noAB- 
HME MEHANO HE TONbKO xapakTep GopbObi 
Ha MOpe, HO MW ee macuwTaObl. 

K pa6botam no co3gaHMio 3eHMTHbIX pa- 
KeT HOBOrO NOKONeHMA, CNOCOGHbIX addek- 
TMBHO NPOTMBOCTOATb CaMbIM MHTEHCMBHbIM 
BO3AYWHbIM atakam, B MKB “Maken” npucty- 
nun ewe B CepeAnHe wecTupecaTbix rogos. 
Nepsou B 3TOM pay CTana 3eHMTHAA PakeTa 
cpegqvHei AanbHocTv 5B55PM ana Kopabenb- 
Horo 3PK C-300® “Pug”. Jtum KomnneKcom 
AOMKHbI 6binv OCHauaTbCA OoeBbIe KOpabnn 
BOMOU3MeWeHMeM CBbIWe 5000 TOHH. 

Npo6nembi, Bctaswue npw co3qaHuu 
5B55PM, cyujecrBeHHO OTNMYaNMCb OT BCeX 
Tex, C KOTOPbIMM NpexKAe NPUuxOANNOCd CTan- 


KMBaTbcA CneuManuctam “MaKena”. Hospi 
KOMNNeKC AOMKeH Gbin 6biTb MHOFOKaHaNb- 
HbIM, O6ecne4nBaTb 3dekTuBHyto KpyroByio 
o6opouy coeanHeHuis KOpaGnen uv O6napaTb 
BbICOKOM CKOpOCTpenbHOCTbIO. He umen aHa- 
noros W CNoOco6 pa3smeueHMA ero pakeT U UX 
3anycKa — M3 nognanyOuHbIx nyCKOBbIx ycTa- 
HOBOK-OapaOaHoB. CooTBeTCTBeHHO, OT HO- 
BOW pakerTb! NOTPeEGOBAaNNC HE TONbKO BbICO- 
KMe TaKTMKO-TexXHM4eCKne xXapakTepuc- 
TUKM, HO M BbICOKAA CePuAHOCNOCOGOHOCTE, 


flyck 3YP 9M33 
Launch of 9M33 missile 


efficient shipborne missile systems. 

The small-size Osa-M (SA-N-4) AD mis- 
sile system, adopted for service in 1971, is 
a shipborne version of a self-propelled Osa 
system used by the ground forces. The 
missiles used by Osa and Osa-M have been 
unified to the maximum extent. They were 
originally designed within the framework 
of the unified request for proposal that 
adequately reflected the naval specifics of 
their future employment. 
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The creation of the 9M33 missile 
required carrying out extensive research, 
since it had turned out that the small 
dimensions of the missile by no means 
guaranteed the corresponding reduction 
in labor costs. It happened to be just the 
contrary. When creating these missiles, 
the Fakel engineers analyzed all available 
domestic and foreign experience in the 
field of designing this type of missiles. 
The Fakel specialists drew appropriate con- 
clusions that allowed them to once again 
attain good results. 

The 9M33 differs from similar missiles 
primarily by its freely rotating wing unit. 
Employment of this unit allowed the spe- 
cialists to considerably expand the capac- 
ity of the canard aerodynamic scheme 
used in the missile. The wing unit has 
reduced the negative impact of stray 
forces and torques on the missile flight 
performance. It resulted in weight reduc- 
tion of the missile control system, while 
the overall efficiency of the latter 
remained unaltered. 

The Osa-M system features two 
launcher guides that are retracted under 
the deck when the ship is on the move 
being out of combat. The system’s perfect 
performance and easy handling have made 
Osa-M one of the most mass-produced 
shipborne AD systems. 

By the late 1960s, the qualitative 
change in the alignment of forces at sea 
became apparent. This change resulted, 
first and foremost, from the emergence of 
new, even more efficient types of missile 
weaponry, with aircraft, surface ships and 
submarines being extensively armed with 














MaKCMMasibHaf HafeKHOCTb M NpOcToTa B 
akcnnyaTayun. 

B ocHosy pa3paborkn 5B55PM, nocty- 
nusweni Ha BOOpyKeHve KOpabnei BMO B 
Ha4ane 80-x rogos, 6bino nonoxKeHO wH- 
pokoe WCNONb30BaHMe NPMHuyMNMaNbHO 
HOBbIX KOHCTPYKTOPCKUX pewWeHUi, mMaTe- 
pwanos uw nepepoBbix TexHONOrni, npumMe- 
HEHME MHTErpaNbHbIX CXEM M 3NEKTPOHHOU 
Undposow TexHuKu HOBOrO NoKONeHuA. V 
cneyuanuctel “Makena” co3gqanu, 6e3 co- 
MHeHMA, Bbifawulyioca pakeTty. B Hei Ha- 
WJM OTpadkKeHve Cambie Nepefosbie TeXHH- 
YeCKMe AOCTMKEHMA B AAaHHOM ObnacTu, 
6binn npegBocxMWeHbI NpakTMyeckn BCe 
OCHOBHbIe HanpaBnenuA, NO KOTOPbIM Nno- 
wa B NocnepyioulMe pecaTuNeTuA pa3pa- 
6oTKa HOBbIX 3CHUTHbIX pakeT B MUpe. He- 
OTbeEMNeEMON YaCTbwO 3CHMTHOM pakeTbl 
CTaN fTepMeTMYHbIM TpaHCNOopTHO-nycKo- 
BOW KOHTeMHep (TINK), 8 KOTOpOM Ona Ha- 
XOAMTCA BCe BpemA CBOeM CnyKObI. V3 He- 
rO Ke OHa CTapTyeT C NOMOLbIO KaTanynb- 
Tupyiowero yctpoucTBa. JTo cBeno K Mu- 
HuMyMy KONMYeCTBO WM NposOMKUTeNb- 
HOCTb NpeAcTapToBbix Onepauni u, CoOT- 
BeETCTBEHHO, Obecne4yMnO BbICOKMA Temn 
cTpenb6bl. 3anyck Mapwesoro pBuratena 
PpakeTbl Np“ TaKOM CTapTe npon3BoguTCA 
nocne ee nogbema Ha BbICOTy OKONO 
20 metpos Hag nany6ou Kopa6bna. Bce 3T0 
NO3BONUNO 3HAYUMTENHO NOBbICMTb CKOpO- 
CTpenbHOCTb KOMNNeKCa (NOCKONbKY BCe 
PakeTbl HaXOMATCA HENOCpeACTBeEHHO Ha 
NyCKOBOM yCTaHOBKe M FOTOBbI K Hemen- 
N€HHOMY NYCKY); AaNO BO3MOKHOCTb 
o6ecneuntb aextusuyio KpyrosyW o60- 
POHy OT CaMONeTOB WM paKkeT, NeTAWIMX C 
no6bix HanpaBneHui, palMoHanbHbIM 06- 





flyck 3PK 5B55PM 
Launch of 5V55RM missile 


Pa30M UCNONb30BaTb MKECTKO OrpaHu4eH- 
Hble OObembI GoeBoro KOpabna (u CooTBeT- 
CTBEHHO, YBeNM4UTb pacnonaraembid Ha 
Hem 60eKOMNNeKT); YMEHLIMNO “30HbI 3a- 
npeta” npu nyckax paket, Tak KaK Npu Ha- 
KNOHHOM CTapTe MX NONeT AOMKEH NpOXo- 
AMTb, MMHyA KOpabenbHble HaACTpoiKku. 
BbicoKaA TOYHOCTb NonagaHua B YeNb 
B WMPOKOM AMana30He BbICOT WM AaNbHOC- 
Ted noneta AOCTHrHyTa 3a CyeT MCNONb30- 
BaHMA HOBOFO MeTOAa HaBepeHMA paKeTbl 
Ha \Yenb, Npeactasnawowero coboi opra- 
HM4HOe CO4eTAaHMe TPaAMMOHHOrO pagno- 
KOMAHAHOrO MeTOAa (MCNONb3OBaBWerOCA 


these weapon systems. High supersonic 
speed and lowest possible flight levels, 
high maneuver capability, low detectabil- 
ity, enhanced kill capacity, suitability for 
delivering massive strikes and attacks 
from different directions — this the far 
from complete list of characteristics of 
the new generation of air attack weapons. 
Naturally, their advent altered not only 
the nature of the naval warfare, but also 
its scale. 

As far back as in the mid-1960s, the 
Fakel Engineering Design Bureau began 
developing the new-generation AD missiles 
capable of efficiently repelling the most 
intensive air attacks. The first one in this 
series was the 5V55RM medium-range mis- 


-Sile intended for the shipborne Rif 


S-300F AD missile system. This system was 
supposed to be installed on the combatants 
with a displacement of over 5,000 tons. 

The problems that arose during the 
elaboration of the 5V55RM fundamentally 
differed from all those that the Fakel spe- 
cialists had encountered earlier. The new 
missile system had to be multichannel 
provide effective all-round defense of the 
naval forces and possess a high rate of 
fire. The system location and the method 
of missile launch from the under-deck 
drum-type launchers had no analogs 
either. Therefore, the new missile was 
expected to possess not only high per- 
formance characteristics, but also be high- 
ly suitable for mass production, reliable 
and easy to operate. 

The development of the 5V55RM that 
was adopted for service with the naval 
ships in the early 1980s was based on an 


extensive use of fundamentally new 
design concepts, materials and advanced 
know-how, as well as the use of new- 
generation integrated circuits and digital 
equipment. 

No doubt, the Fakel specialists creat- 
ed an outstanding missile. It incorporat- 
ed the state-of-the-art technical achieve- 
ments in the given field and anticipated 
virtually all major world trends in the AD 
missile engineering for decades to come. 
A sealed transporting-launching contain- 
er in which the missile is kept during the 
entire service life, has become an integral 
part of the AD missile. The missile is 
launched from this container with the aid 
of a catapult. It has resulted in minimiz- 
ing the number and duration of the pre- 
launch operations and, as a result, 
ensured a high firing rate. Such launch 
allows starting the sustainer engine when 
the missile rises to about 20 m above the 
ship’s deck. All this has made it possible 
to considerably increase the systems fir- 
ing rate, since all missiles are kept direct- 
ly on the launcher and are ready for 
immediate launching. It has also made it 
possible to provide effective all-round 
defense against aircraft and missiles 
approaching from any direction, as well as 
to rationally use the limited space on 
board a combatant and, consequently, 
increase the number of missiles carried by 
the ship. Finally, it has reduced the “no- 
launch” zone, since when missiles are 
launched at an angle, their flight trajecto- 
ry should avoid the ship’s topside. 

The high target hit probability within 
a wide range of flight altitudes and 
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ANA BCex NpegbiAyuMx KopabenbHbIx pakeT 
“Makena”) C NONyaKTMBHbIM paqnonokaun- 
OHHbIM CaMOHaBegeHuem. 

B 90-e rogb! WwupoKyio W3BeCTHOCTb 
nony4una 3eHMTHAA pakeTa Manoi AanbHO- 
ctu 9M330, TakxKe paspabotaHHan Ha “Da- 
Kene”. OHa ucnonb3yeTca B COCTaBe KOM- 
nnekca “KNWHOK”, npeAHa3HayeHHoro ANA 
camoo6opoub! Goesbix Kopabne pa3znu4- 
HbIX KNACCOB BOAOM3MeleHMeM CBbIWEe 
800 ToHH. Kak wu “Puc”, aToT KomnneKc 
TaKKe OTHOCHTCA K 4YUCHY MHOFOKaHasbHbIx 
— ero pakeTbl MOryT OAHOBpeMeHHO NOpa- 
KaTb AO YeTbIPex Yenen. 

Paketa 9M330 Komnnekca “KnwHoK”, 
Kak MU ee NpeAwecTBeHHHua, BbINONHeHa NO 
a3POAMHAMM4eCKON Cxeme “yTKa”, OHA TaK- 
Ke UCNONb3yeT CBOHOAHO Bpaualou\Miica 
KpbinbeBow 6nok. Ee KpbinbA BbINONHEHbI 
CKNaQHbIMM, 4YTO fan BO3MOMKHOCTb pa3- 
mectuTb 9M330 8 TIIK KBagpatHoro ceYe- 
HMA, pa3smMepbl KOTOPOrO AMWb HeEHAaMHOrO 
NpesblwaloT pasmepbi Camou pakerbl. Crapt 
9M330, Kak wu 5B55PM, ocyujectBnretca 
BePTMKaNbHO M3 NognanyOHOW nycKoBoi 
yctaHoskw GapabakHoro Tuna C NOMOU\bIO 
KaTanynbTbl, a 3anycK ABMraTena pakeTbl 
npoucxog_ut Ha 6e30nacHoOu BbiICoTe Hap 
Kopa6nem. Nopo6xbli Bug crapta ctTan 
cBoero pofa CMpMeHHbIM 3HaKOM pakeT 
MKB “®aken”. Ho B pakete 9M330 OH go- 
NONHeEH He UMeloWed aHanoroB ra3z0quHa- 
MMNeCKOM CHCTeMOM CKNOHeHMA, C NO- 
MOU\b1O KOTOPOM MeHee 4eM 3a OAHY CeKYH- 
Ay, B Npouecce nopbema Ha BbICOTY 3anyc- 
Ka MapweBoro pBMratena, pakeTa pa3Bopa- 
4MBaeTCA B CTOPOHy Yenn. 

B Hactonuwee Bpema paketa 9M330 Ha- 
XOAMTCA Ha BOOPy)KEHMM TAKENbIX aBMaHe- 
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CyWMx KpecepoB, aTOMHbIX PaKeTHbIX 
Kpevcepos u apyrux Kopabnen. 

NocnezHuM no BpemeHn KOpabenbHbim 
Opy)Kvem, CO3AaHHbIM Ha “Makene”, cranu 
pakeTbl ANA MHOrOKaHaNbHOrO 3eHUTHOFO 
pakeTHoro Komnnekca “Pud-M”. 3ToT Kom- 
neKC NpeAdasHa4ex ANA O6OpOHb! OpAepa 
Kopa6nei oT MaCCMpOBaHHbIXx aTak pasnu4- 
HbIX CpeACTB BO3AyWHOFO HanafeHmA: Ca- 
MONETOB, ABMAYMOHHbIX KPbINaTbIX PaKeT, 
npoTMBoKopabenbHbIx KpbisaTbIX PakeT, B 
TOM 4WCNe COBEpwWaOWMx MaHeBp MU NeTA- 
WMX Ha NpeAeNbHO MaNbIx BbICOTAaXx. 

B otmu4une OT CO3faHHOrO paHee 
3PK “Puc”, Komnnexc “Pud-M” cnoco6ex 
OAHOBpemeHHO OOcTpenuBarb AO 6-TH Yeneii, 
HaXOMALWMXCA Ha PaCCTOAHMM AO 120 KM, U 
ycnewHo 6opoTeca c npoTHBOKOpabenbHbl- 
MM pakeTaMM Ha BbICOTaX 4O 10 meTpoB. 
3eHuTHaA ynpaBnaemaa paketa 48H6 B Cco- 
cTape 3TOrO KOMNNeKCa TaKKe UCNONb3yeT 
npwHyvn “xonogHoro” BepTMKanbHoro 
cTapta, wMeeT ynyYWeHHyiO ABUraTeNbHyIO 
yCTaHOBKY M YBeENM4eHHyWO OCKONOYHO-cpy- 
racHyi0 6oeByto0 YacTb. 

PakeTbl HOBOrO NOKONeHUA, paspabo- 
TaHHble Ha “Makene”, pofHUuT He TONbKO 
BbICOKMA YPOBeHb AOCTHFHyTbIX XapakTe- 
PUCTMK MW BO3MOMKHOCTb NPMMEHEHMA B 
Pa3NW4HbIxX pofax BOCK. Bnepsbie B MM- 
posoi npakTuke Ha BOOpyxKeHMe Goesbix 
Kopa6new noctynunn paket, obnagaw- 
uve BO3MOKHOCTbIO UX ANMTeNbHON (f0 
10 u 6onee net) GecnpoBepoyHou aKcnny- 
ataumn. B TeyeHve BCcero 3TOFO CpoKa pa- 
KeTbI, HAXOAACb B CaMbIX CYPOBbIX KNMMa- 
TMYECKUX YCNOBMAX, B MHOFOMECAYHBIX 
OKeaHCKMXx Noxogax, He TpebyloT HUKaKoroO 
o6cnykusaHna. 


distances has been achieved due to the 
employment of a new method of guiding 
the missile to a target — an organic combi- 
nation of the traditional radio-command 
guidance (used in all previous shipborne 
missiles manufactured by Fakel) with 
semiactive radar homing. 

In the 1990s, the 9M330 short-range 
AD missile (also designed by Fakel) 
became widely known. It is used in the 
Klinok weapon system intended for provid- 
ing self-defense of various types of com- 
batants with a displacement exceeding 
800 tons. Similar to Rif, the Klinok is also 
a multichannel system: its missiles are 
capable of simultaneously engaging up to 
4 targets. 

Just like its predecessor, the 9M330 
missile used in the Klinok system has a 
canard configuration and a freely rotating 
wing unit. It has folding wings, which has 
enabled the specialists to place the 
9M330 in a square-section transporting- 
launching container with dimensions only 
slightly bigger than the actual missile. 
Just like the 5V55RM, the 9M330 missile is 
catapulted vertically from an under-deck 
drum-type launcher, with its engine start- 
ing at a safe altitude above the ship's 
deck. This kind of launching technique has 
become a kind of a trademark for Fakel’s 
missiles. But in the 9M330 it has been 
complemented with a unique gas dynamic 
control system, which turns the missile in 
the direction of the target in less than a 
second, while the missile is moving up to 
an altitude where the sustainer is started. 

The 9M330 missile is currently in serv- 
ice with heavy aircraft-carrying cruisers, 


nuclear-powered missile cruisers and 
other types of ships. 

Missiles for the Rif-M multichannel 
AD missile system have become the latest 
shipborne weapon developed by Fakel. 
The system is intended for defending an 
order of ships against massive attacks of 
various air attack weapons, i.e. aircraft, 
air-borne cruise missiles, antiship cruise 
missiles, including the ones maneuvering 
and flying at extremely low altitudes. 

Unlike the earlier-created Rif AD mis- 
sile system, the Rif-M system is capable of 
simultaneously engaging up to 6 targets 
located at a distance of up to 120 km, as 
well as to successfully fight against anti- 
ship missiles flying at altitudes lower than 
10 m above the sea level. The 48N6 missile 
used in this system also employs the prin- 
ciple of a cold vertical start being fitted 
with an upgraded engine and a larger frag- 
mentation warhead. 

All Fakel-developed missiles of the 
new generation feature not only good 
performance characteristics and the pos- 
sibility of employment in different armed 
services. For the first time in the world, 
the combatant ships have been armed 
with missiles that can remain in service 
without maintenance for a long time 
(10 years and more). Within all this peri- 
od, the missiles require no maintenance 
even in the most severe climatic condi- 
tions, including the months-long ocean 
cruises. 
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3PK M-1. 3enutTHaa ynpaBnaeman paketa 4K90 


M-1 AD missile system. 4K90 guided missile 





CHMTHAA yNpaBnAemaA pakeTa Manon 
AanbHocTu 4K90 npegua3Hayena gna 
NOpaxKeHMA Pa3NM4HbIX CpeACTB BO3- 
AyWwHoro HanafeHuA: camoneTos 
CTpaTernyeckou, TaKTMYeCKOM Mw MOpCKO 
aban, a TaKKE PakeT — B WMPOKOM fna- 
na3oxe ycnosui ux Goesoro npumeHeHua. 
4K90 npegctasnnet co6o0i gsyxcty- 
NeH4aTyO pakeTy, BbINOMHEHHY!O NO a3po- 
AMHamu4ecKon Cxeme “ytKa”. CrapT pake- 
Tbl — HaKMOHHbIM, C NYCKOBOM yCTaHOBKH, 
HaBOAMMON NO yrny wu a3zMMyTy mecta. Yn- 
PpasneHve noneTom MW HaBegeHue Ha YeNb 
OCYWECTBNAIOTCA NO pagnokOMaHsaM, KO- 
TOpbie NoctynaiwT oT KOpabenbHON cTaH- 
unn HaBefeHuan. floppbis 6oeson 


4aCTM OCyUIeCTBAAeTCA NMpv nognete 
K Wenw NO KOMaHfe pagnoB3pbisatena. 

Nepsaa cryneHb 4K90 — teeppoton- 
AMBHbIA YCKOpUTeNb C yCTaHOBNeHHbIMM 
Ha HEM paCKpbiBaeMbIMM NoOcne CTapTa Ye- 
TbIPbMA CTaOunuzaTOopamu. Mapwesaa 
CTyNeHb pakeTbi TakKoKe OCHaueHa TBEpAO- 
TONAMBHOK ABUraTenbHOM ycTaHoBKON. 
KOHCTpyKTMBHO MapweBaa cTyneHb 4K90 
COCTOMT M3 PAAa OTCEKOB, B KOTOPbIXx pac- 
NONOKEHbI: PaAMOB3pbiBaTenb, arperaroi 
ynpaBneHuA pyNAMM pakeTbi, OCKONOYHO- 
dyracHan 6oesan yactb, 6nok 6optosoii 
annapatypbl, TBepAoTONAuBHbIN pakerT- 
HbIM ABMTaTeNb, NPMeEMHMKH KOMAHG yn- 
pasneuua. 


he 4K90 short-range AD missile is 
intended to engage various air 
attack weapons such as strategic, 
tactical and naval aircraft and mis- 
siles, in a wide range of their combat use. 
The 4K90 is a two-stage missile 
employing a canard aerodynamic configu- 
ration. The missile is fired at an angle from 
a launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
shipboard guidance radar. The warhead is 
initiated by commands from a radar fuze in 
the proximity to the target. 
The first stage of the 4K90 is a solid- 
propellant booster with four stabilizing 


fins unfolded after launch. The sustainer 
stage of the missile is also fitted with a 
solid-propellant engine. 

Structurally, the 4K90 sustainer stage 
comprises a number of sections housing a 
radar fuze, control surface actuators, a HE 
fragmentation warhead, an onboard equip- 
ment unit, a solid-propellant engine, and 
control command receivers. 
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1. Paxemi 4K90 
4K90 missiles 


2. Paxema 4K90 neped nepaoim nycKom, 
anpenb 1958 2. 
4K90 missile before its first launch, 
April 1958 
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3PK M-1. 3eHuTHaA ynpaBnaemaa paketa 4K91 M-1 AD missile system. 4K91 guided missile 
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ny6oKkan MOfepHH3ayMA  pakeTbi 

4K90. OcHoBHbiMM HanpaBneHuamu 

MOMeEPHM3auMN CTanv: MCNoNb30Ba- 

Hue Gonee acpspektuBHoro mapwesoro 
asuratena, Goesoro CHapAyKeHMA M pAga 
3nemeHTos GopTosonw annapartypbi. Beinon- 
HeHMe MOAEPHM3auMH NO3BONMNO yBeNn- 
4UTb 30HY NOpayxKeHMA BOZAYWHbIX Yenen 
NO fanbHOCTH MH BbICOTe, 3¢eKTMBHOCTb 
NOpadxKeHMA BbICOKOCKOPOCTHbIX Yenei. 

4K91 npegctasnaet co6oi gpyxcty- 
neHyaTylo pakeTy, BbINONHEHHY!0 NO a3po- 
AMHammyeckon cxeme “yTKa”. 

CrapT pakeTbl — HaKNOHHbIM, C nyCKO- 
BOM yCTaHOBKH, HABOAMMON NO yrny u a3u- 
myTy mecta. YnpaBneHue nonetom M HaBe- 
AeHMe Ha YeNb OCYWeECTBNALOTCA NO paguo- 
KOMaHAaM, KOTOPble NOCTyNaWT OT KOpa- 
6enbHou cTaHuMn HaBefeHma. Nogppis 60- 
eBOW 4YaCTH OCyWeECTBNAeTCA Np no~Nete 
K Wenn no KOMaHAe pagnoB3pbisatena. 


Nepsaa cryneHb 4K91 — TeepgfoTon- 
NWBHbI YCKOpMTenb C YCTaHOBEHHIMM Ha 
HEM paCKpbiBaemMbIMM Nocne cTapTa 4Ye- 
TbipbMa CTabunuzaTOopamu mM AByMA TOp- 
MO3HbIMM NOBEPXHOCTAMM, KOTOPbIe Cry- 
‘aT ANA YMCH_DWEHMA AaNbHOCTM NoNeTa 
ycKkoputena nocne ero oTgeneHua. Mapwe- 
Ban CTYNeHb pakeTbi TakKe OCHalleHa 
TBEPAOTONAMBHOM ABUraTeNbHON ycTaHOB- 
Kow. KOHCTpykTMBHO MapwWeBaA CTyNeHb 
4K91 cocTouT u3 paga OTCeKOB, B KOTOPbIX 
pacnonomeubl: pagvos3pbisarent, arpera- 
Tb! YNpaBNeHMA PyNAMM pakeTbI, OCKONOY- 
HO-qbyracHan 6oeBan yactb, 6noK G6opTo- 
BOW annapatypbl, TeepgoTONnMBHbIM pa- 
KeTHbIM ABMraTenb, NPMEMHUKH KOMAHA 
ynpapneuna. 


he 4K91 is a radically modernized 

version of the 4K90 missile. It fea- 

tures an upgraded sustainer, arma- 

ment and some units of onboard 
electronic equipment. The modernization 
allows increasing the kill zone of air tar- 
gets in range and altitude, and speed of 
the targets to be engaged. 

The 4K91 is a two-stage missile 
employing a canard aerodynamic configu- 
ration. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
shipboard guidance radar. The warhead is 
initiated by commands from a radar fuze in 
the proximity to the target. 

The first stage of the 4K91 is a solid- 
propellant booster with four stabilizing 
fins unfolded after launch and two braking 


surfaces mounted on the booster. The 
braking surfaces serve to reduce the 
booster’s flight range after its separation 
from the missile. The sustainer stage of 
the missile is also fitted with a solid- 
propellant engine. 

Structurally, the 4K91 sustainer stage 
comprises a number of sections housing a 
radar fuze, control surface actuators, a HE 
fragmentation warhead, an onboard equip- 
ment unit, a solid-propellant engine, and 
control command receivers. 
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1. /lyck paxembi 4K91 
Launch of 4K91 missile 


2. Aspodunamuyeckue pynu 
Aerodynamic control surfaces 


3. Topmo3Hbie nosepxHocmu Ha Cmapmosom yckopumene 
Braking surfaces fixed on the booster 


4. Conno cmapmosozo ycxopumena 
Booster nozzle 


5. Paxema 4K91 @ my3ee MKB “®axen” 
4K91 missile in Fakel’s Museum 
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3PK M-2. 3eHuTHaA ynpaBnsaemaa paketa 13])M 


M-2 AD missile system. 13DM guided missile 





a6orTb! no nepBomy oTeyecTBeHHOMy 

KopabenbHomy 3PK M-2 6binu HayaTbI 

B COOTBETCTBMM C pelweHnem pyKo- 

BOACTBa CTpaHb!l OT 13 aBrycta 1955 
roma. 3PK M-2 npeguHa3Hayanca ana NBO 
KOpa6na, ANA 3al\MTbI OT aTAaKYOWMx CaMO- 
neTOB MW ynpaBnAembix paket. B kKayecTBe 
OrHeBoro CpefActBa NopadkeHuA KOMNNeKCa 
M-2 pomkHa 6bina ucnonb30BaTbCA 3eHMT- 
HaA ynpaBnnemaa paketa 13/]M, co3qaHue 
KoTOpow nopyyunu MKB “®aken”. flanb- 
HOCTb AeVCTBMA NepBOKW OTeYeCTBeHHOU 
KopabenbHow 3YP gonkHa 6bina coctaB- 
NATb 29 KM, BbICOTAa NepexBaTa BOZAYWHbIX 
ene — oT 3 Ao 22 KM. 

Hopan paketa npegctasnana cobon 
AopaboraHHyto ANA NpMMeHeHMA B KOpa- 
GenbHbIx yCnOBMAX ABYyXCTyNeHYaTyWO pa- 
KeTy 13{) 3eHuTHO-pakeTHoro KOMnNeKCa 
soiick MBO C-75. fina ucnonb3oBaHua Ha 
KOpa6NAx HyKHO ObINO U3MEHMTb Ha 3TO 
pakeTe y3nbi Nop~BeCKM K HanpaBnaAioUMM 
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MNYCKOBOM yCTaHOBKM, a TaK)Ke 3aMeHMTb 
PAA KOHCTPyKUMOHHbIX MaTepnanos, C y4e- 
TOM MX UCNONb30BaHMA B MOPCKMX yCnOBH- 
AX. ICKM3HbIM NPoeKT Ha M-2 Tpe6osBanoct 
BbINycTMTb B Pespane 1957 roa, a cpayy 
3KCNEPMMeHTaNbHbIX OOpa3uoB Npon3BeC- 
TW B KOHUe 1957 roga. 

NepsBoHayanbHO xOTenM BOOpyKUTb 
Komnnekcamu M-2 kopa6nu, cnpoektupo- 
BaHHble Ha 6a3e Kpeicepos npoeKta 
686uc. CHayana npegnonaranocb CHATS C 
HUX YeTbIPe GawHM 152-mm apTunnepuii- 
CKUX OpyAM MW B3aMeH YCTAHOBMTb YeTbIpe 
cnapeHHbie CTabunu3upoBaHHble nycKoBble 
yCTaHOBKW KOMNNeKCa M-2 wu ABe paqnono- 
KaUMOHHbIe CTAHWUMM HaBeAeHMA pakerT. 

B koHue 1956 roga UKB-34 crano pa3- 
pabarbipatb KopabenbHylo nycKoOByl0 ycTa- 
Hosky 3YP CM-64. Ona npegctasnana co- 
60 cnapeHuyio cra6unu3upoBahHyw nyc- 
KOBy!O yCTaHOBKy C yCTpovicTBamu noga4yu 
W 3apAyKaHuA. Boekomnnexkt ponKen 6bin 


country, began in compliance with a 

governmental resolution of August 
13, 1955. The M-2 system was intended to 
defend ships against attack aircraft and 
guided missiles. The 13DM AD missile, the 
development of which was entrusted to 
the Fakel Engineering Design Bureau, was 
to become the weapon used in the M-2 
system. The range of the first shipborne 
AD missile made in our country was sup- 
posed to be 29 km, and its aerial target 
attack altitude — 3 to 22 km. 

The new missile was an upgraded 
shipborne version of the 13D two-stage 
missile used by the AD Forces with the 
S-75 system. To tailor the missile to naval 
use, it was necessary to change the design 
of the launcher hold-down lugs and to 
replace a number of engineering materi- 
als. The M-2 draft design was to be com- 


he development of the M-2, the first 
shipborne AD missile system in our 











pleted by February 1957, while its test 
models were to be ready in late 1957. 

Originally, it was planned to install the 
M-2 systems on the ships designed on the 
basis of Project 68bis light cruisers. It was 
initially proposed to dismount four turrets 
of 152mm artillery pieces from these cruis- 
ers and to install four M-2 stabilized twin 
launchers and two missile-guidance 
radars, instead. 

In late 1956, the Central Design 
Bureau #34 (TsKB-34) began to develop 
the SM-64 shipboard missile launcher. The 
SM-64 was a stabilized twin launcher with 
feeding and loading devices. The launcher 
was to feature an ammunition load of 44 
missiles. Furthering the trend, the devel- 
opment of the M-2bis shipborne AD missile 
system was started. It was planned to use 
in this system the 20D missiles tailored to 
the naval needs. 

However, in August 1957, all work on 
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Kpedcep “Jj3epxuncKxud” c pakemHbim KomnaeKcom M-2 
Dzerzhinsky cruiser equipped with M-2 AD missile system 
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COcToATb u3 44 paket. B pa3eutue 3TOro 
HanpaBneHMA Hayanncb TakxKe paboTb! no 
Kopa6enbHomy 3PK M-26uc, B KOTOpOM 
npegnonaranoct’ Mcnonb30BaTb MOA_Mdy- 
UMpOBaHHbie ANA HyKA nota pakerbi 20/1. 

Oguako 8 asrycte 1957 roga pa6orel 
nO pa3nu4kbim BapvaHTam M-2 cBepHynu, 
OFpaHM4nBWMCb NepeBoopyKeHveM TONb- 
KO OfHoro KOpabnn — Kpeticepa “J\3ep- 
‘*KMHCKMA” (npoeKT 703), nonyynswero 
cTatyc 3KCnepwmeHTanbHOro. IToT KOpabnb 
B CBO@M MCXOAHOM BHfe, TO ECTb TONbKO C 
apTunnepwiickum BoopyKeHueM, 6bin BBe- 
feH 8 CTpo B 1952 ropy. PykosoquTb ero 
MOMePHUM3ayMenK, OKOHYATeNbHbIA NPOeKT 
KOTOpOM yTBepaAMAM B CeHTAOpe 1956 roga, 
6biIno NopyyeHO mmaBHOMy KOHCTpyKTOpy 
C.T. 3ahyesy. 

Vi3-3a 6onbwux rabapuToB paket oKa- 
3a/MCb HEAOCTATONHbIMM pa3Mepbl apTun- 
nepwiickux norpe6os Kopa6bna. Bot noye- 
my Ha “fl3epxkuHCKOM” npuWwNOcb coopy- 
AMTb CneuManbHyio HaACTpOMKy BbICOTOK 
3,3 MeTpa. 

Nepectpoiika Kopa6nan 6bina ocyuwe- 
cTBneHa B TeyeHue 1958 roga B Cesactono- 
ne. B OKOHYaTenbHOM BapmaHTe “fl3ep- 
*KMHCKOFO” OCHACTMAK OAHOM KOpMOBOK 
nyckoBoh yctaHosKoh CM-64 c 6oeKomn- 
nekTom B 10 pakeT 4 3NeMeHTaMM 3EHMTHO- 
rO pakeTHOrO KOMNNeKCa: paguonoKaTopa- 
MM M CMCTeMOM ynpaBneHua. 

Mpu co3zqaHun Komnnekca M-2 yanoce 
peanu30BaTb He BCe NNaHupoBaBUMeCA pe- 
weHua. Tak, HECMOTpA Ha NONMbITKM BHeEA- 
PUTb aBTOMaTMYeCKyiO CMCTeMy 3anpaBKn 
MapweBow CTyneHM pakeT TONNMBOM, B 
OKOHYaTeNbHOM BapvaHTe OCTaHOBUNMC 
Ha MX Py4HOW 3anpaBKe B pakeTHOM Norpe- 


6e nepeg nogayel Ha nycKoBylo ycTaHoBKy. 

B KoHue 1958 roga “J3epKMHcKMi” 
nposen nepsbie 6pockosbie nycku 13{\M, 
noka3aswue paboTocnocobxHocTb nycKo- 
BOW YCTaHOBKM uM YCTPOMCTB Nofa4u paket 
v3 norpe6a, a TakoKe 6e30NaCHOCTb ANA KO- 
pa6enbHbix HagACcTpoeK BO3AeKCTBMA CTpyn 
cTaptoporo yckoputena paketbi. B 1959 
rogy 6bino ocywjectBneHo OKONO 20 nycKoB 
pakeT, B TOM 4MCNe W NO BO3AYWHbIM Ye- 
nam. Mepspow peanbHonw yenbiO Ana M-2 
ctan 6om6apauposuuk Un-28, neteswnii 
Ha BbicoTe 10 KM. Ox 6bin C6uT nepsBoi Ke 
pakeron. 

Pe3ynbTaTbi, NonyYeHHble B Xofe MCNbI- 
TaHnit M-2, oKa3aNMCb B OCHOBHOM 6nn3Kn 
3aaHHbim Tpebosannam. Ho He 6bin octas- 
nev 6e3 BHMMAHMA M PAA HEAOCTATKOB HO- 
BOro Opy)KuA, MW B NepBylo OYepesp, TO, YTO 
M-2 oka3ancA u3nuuHe TAKeNbIM M Gonb- 
wm no ra6aputam. [pyrum daktopom, Ko- 
TOpbi4 OFrpaHW4MBaN BO3MOXKHOCTM KOM- 
nnekca, cTan HeBbICOKMM TeMn cTpenbObI, 
nockonbky TpeboBanoch 3Ha4yMTeNbHOe 
BpemMA Ha NepesapAAKy NyCKOBbIX yCTaHO- 
BOK. Oka3anca HeBenMK u Goe3anac pakerT. 

WV sBce-Takuv, yYMTbIBan 3KCNepMMeH- 
TaNbHblii XapakTep nepsoro KopabenbHoro 
3PK, 3TH HEMOCTATKM HE OTHOCMMMCh K pa3- 
pagy KpuTMyeckux. Bonee Toro, OcHaljeH- 
HbIii STAM KOMNEKCOM KOpabrb BnonHe ro- 
AMNCA ANA UCNONb30BaHuMA ero B KayecTBe 
nnasyyen “naptet”, rae morn npvobperaTb 
W OTpabaTbiBaTb Goesbie HaBbIKM pacyeTbI 
6yayunx KopabenbHbix 3PK. 

3 asrycta 1961 roga, nocne 3aBepwe- 
HMA NporpamMbi ucnbitaHui M-2, “[\3ep- 
%KMHCKOFO” nepesenn B pa3spag yYeOHbIx 
kopa6nen. 


various versions of the M-2 was stopped, 
but for the reequipment of the Dzerzhin- 
sky cruiser (Project 70E), which gained a 
status of an experimental ship. In its 
unmodified version, i.e. armed only with 
artillery, the ship was commissioned in 
1952. Chief designer S. Zaitsev was put in 
charge of modernizing the ship, and the 
final draft upgrade was approved in 
September 1956. 

Since the dimensions of the missiles 
were large, the ship’s magazines turned 
out to be too small to accommodate the 
missiles. That's why it was necessary to 
equip the Dzerzhinsky with a special super- 
structure 3.3 meters high. 

The reequipping of the ship was car- 
ried out in 1958 in Sevastopol. Finally, the 
Dzerzhinsky was fitted with an aft SM-64 
launcher with a load of 10 missiles and 
some AD missile system’s components: 
radars and a control system. 

In the course of developing the M-2, it 
proved impossible to implement all pro- 
posed engineering solutions. Thus, 
despite all attempts to introduce an auto- 
mated fueling system for the missile’s sus- 
tainer stage, in the final version it was 
decided to stick to manual fueling of mis- 
siles in their stowage before feeding them 
onto a launcher. 

In late 1958, the first drop launches of 
the 13DM missiles were carried out by the 
Dzerzhinsky. The launches demonstrated 
that the launcher itself, as well as the 
feeding and loading devices were opera- 
ble, and the exposure of the ship's super- 
structures to a stream from the missile’s 
launching booster was also safe. In 1959, 


about 20 launches took place, including 
the ones at aerial targets. An Ilyushin 
Il-28 bomber flying at an altitude of 10 km 
became the first real target for the M-2. It 
was downed by the very first missile. 

The results obtained in the course of 
the M-2 testing were quite close to the 
preset requirements. However, a number of 
disadvantages of the new weapon were not 
ignored either. First and foremost, the M-2 
turned out to be excessively heavy and 
large-dimensioned. Another factor that 
limited the capabilities of the system was 
its low firing rate, since much time was 
required to reload the launchers. The mis- 
sile load was also insufficient. 

And yet, taking into account the fact 
that the fist shipborne AD missile system 
was experimental, these disadvantages 
were not critical. Moreover, a ship fitted 
with this missile system was quite suitable 
for being used as a “floating classroom” 
where the crews of future shipborne AD 
missile systems could acquire and master 
their combat skills. 

On August 3, 1961, upon completing 
the M-2 test program, the Dzerzhinsky was 
redesignated as a training ship. 
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1,2. Paxembi 134M Ha nycKosou ycmaxosKe 
+ y y 
13DM missiles on the launcher 
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3PK M-3. 3eHuTHaA ynpaBnaemaa paketa B-800 (npoext) 


M-3 AD missile system. V-800 guided missile (project) 





1956-57 rogax 8 MKB “Maken” npo- 
BOAMNMCh paboTbi NO H3y4eHHIO BO3- 
MOKHOCTH Co3qaHuA 3YP B-800 pzna 
KOpabenbHOW 3eHMTHOM pakeTHOH 
cuctemb! M-3, o6nagaswei Gonbwei panb- 
HOCTbIO JeCTBMA, YeM CUCTeMbI M-1 vu M-2, 
B-800 npegctasnana coboii aByxcty- 
neH4aTyWO pakeTy, BbINOMHEHHY!O NO HOp- 
MaIbHOM aIpOAMHamuYecKon cxeme. Crapt 
PakeTbl — HAKNOHHbIM, C KOpaGbenbHON Nyc- 
KOBOM yCTaHOBKM, HaBOAMMOK NO yrny u 
a3umyty mecta. YnpasneHue nonetom pake- 
Tbl W HaBefeHue ee Ha YeNb OCyWeCcTBNAeT- 
cA NO pagnokomaHfam, KOTOpbie noctynaWwT 
OT KOpabenbHou craHuMM HaBegeHna. 





Nepean ctryneHb B-800 npegctasnaert 
co6on YeTbipe TaepgoTONAMBHbIx ABUraTe- 
NA, YCTAHOBNEHHbIX B NepegAHen YacTH Map- 
weBow cTyneHuM pakeTbi. Mapwesaa cty- 
Ne€Hb OCHAUeHa MKMAKOCTHOM ABMraTenb- 
HOW YCTAHOBKOM C HACOCHOM CucTeMon no- 
Aja4W KOMNOHEHTOB TONNMBa B ABMraTeNb. 
KOHCTpykTHBHO MapwesBaa cTyneHb B-800 
COCTOMT M3 PAA OTCEKOB, B KOTOPbIX pac- 
NONOKeHbI: pagnoB3spbiBaTenb, Goesaa 
4actb, 6noku 6optroson annapatypbl, GaKkn 
C KOMMOHEHTaMM TONNMBa, KMAKOCTHbIN 
PakeTHbIN ABMraTeNb, arperatbi ynpaBne- 
HMA PyNAMM PakeTbI, NDMEMHUK KOMAHA yn- 
pasneuna. 


n 1956-1957, the Fakel Engineering 

Design Bureau studied the possibility 

of creating the V-800 missile for the 

naval M-3 AD missile system, which 
could boast of a longer operating range 
compared to the earlier created M-1 and 
M-2 systems. 

The V-800 was a two-stage missile 
employing a normal aerodynamic configu- 
ration. The missile is launched at an angle 
from a shipboard launcher laid in eleva- 
tion and azimuth. Missile flight control 
and guidance are accomplished via radio 
commands from a shipboard guidance 
radar. 





The first stage of the V-800 consists of 
four solid-propellant engines arranged in 
the fore part of the missile’s sustainer 
stage. The sustainer stage is fitted with a 
liquid-propellant pump-feed engine. 
Structurally, the sustainer stage of the 
V-800 consists of a number of sections 
housing a radar fuze, a warhead, onboard 
equipment units, propellant tanks, 
a liquid-propellant engine, missile control 
surface actuators and a control command 
receiver. 
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Paxema B-800 Ha nyckosod ycmaxoske (npoexm) 
V-800 missile on the launcher (project) 
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3PK M-11. 3enuTHaa ynpaBnaemaa paketa 4K60 





eCHUTHAA ynpaBnAemaA PakeTa Cpep- 
Hei fanbHocTw 4K60 npepHasHayeHa 
AIA NOpadKeHMA pa3snu4Hblx CpeAcTs 
BO3AYWHOFO HanafeHuA: CamoneToB 
cTpaTeruyeckou, TaKTMYeCKOK WM MOPCKON 
aBUalMuM, BEPTONeETOB MW PakeT Pa3sNU4HbIx 
KNaCCOB — B WAPOKOM AMana3z0He ycnoBni 
ux 6oeBoro npumMeHeHMA, a TakKXKe Mano- 
Ppa3MepHbIX HaABOAHbIX WeNnei. 

4K60 — ogHoctynenyartan pakera, BbI- 
NONHEHHAA NO HOPMANbHOKM adspoAnHamy- 
4yecKOonW Cxeme. 

CrapT pakerbl — HaKNOHHbIM, C nyCKOBON 
yCTaHOBKM, HaBOAMMON NO yrny Mu a3zumyTy 
mecta. YnpasneHve nonetom pakerbi 4 HaBe- 
feHve ee Ha UeNb OCYLECTBNAIOTCA NO pa- 
AMOKOMaHAaM, KOTOpbie NOCcTyNaloT OT pac- 
NONOMKeHHOM Ha KOpabne cTaHUuMM HaBege- 


Hua. Nopppis 6oesol Yactu pakeTbl ocywe- 
CTBNAeTCA NpM NogneTe K YeNK NO KOMaHAe 
PagMos3pbisatena nu6o no KOMaHAe, nocTy- 
natoweh oT CTaHuMM HaBepeHua. 

KoHcTpykTMBHO paketa 4K60 cocTouT 
W3 pAga OTCeKOB, B KOTOPbIx pacnonoKe- 
HbI: PagMoBspbiBaTeNb, OCKONOYHO-yrac- 
Han 6oesan YacTb, 6noKw GoproBou anna- 
patypbl, ABYXPEXKUMHbIM TBeEpAOTONNUB- 
HbIW PakeTHbIM ABUTAaTeNb, NPUEMHUKH KO- 
MaHf, ynpaBneHus, arperaTbl ynpasneHua 
PyAMM pakeTbl. 

Nocne mogepHu3aunn boptoson anna- 
PaTypb! M COBEPWEHCTBOBaHMA MeTOMa Ha- 
BeAeHMA PakeTbI CTANO BO3MOMKHbIM NOpa- 
*eHMe Manopa3MepHbIxX ene Ha CBepx- 
MaslbIX BbICOTAX. 


M-11 AD missile system. 4K60 guided missile 


he 4K60 medium-range missile is 

intended to engage various air attack 

weapons: tactical and naval aircraft, 

helicopters and various types of mis- 
siles in a wide range of their combat use, as 
well as small surface targets. 

The 4K60 is a single-stage missile 
employing a normal aerodynamic configu- 
ration. 

The missile is fired at an angle from 
a launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from 
a shipborne guidance radar. The warhead 
is detonated in proximity to the target by 
command from a radar fuze or from a guid- 
ance radar. 

Structurally, the 4K60 missile consists 


ie Pes ae 


of a number of sections housing a radar 
fuze, missile control surface actuators, 
a HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control com- 
mand receivers. 

The modernization of onboard equip- 
ment units as well as the perfection of the 
missile’s guidance allow engaging small- 
size targets at extra low altitudes. 
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3PK “Oca-M”. 3enuTHaA ynpaBnnemaa paketa 9M33 


Osa-M AD missile system. 9M33 guided missile 


AE res iea = 5 





eHMTHAA yNpaBnAemaa PakeTa Manon 
AanbHoctu 9M33 npeaHasHayena ANA 
NOpaxkeHMA Pa3sNu4HbIx CpeACTB BO3- 
AywHOro HanageHuAa: CaMONeTOB Tak- 
TMYeCKOH MW MOPCKOM aBvauuN, BepTOoNeToB 
MW pakeT pa3NUN4HbIX KNaCCOB - B WKPOKOM 
fMana3oHe ycnoBuii ux Goesoro npumene- 
HUA, a TAKKE MANOPa3sMePHbIX HaABOAHbIX 
uenen. 
9M33 — OMHOCcTyneHYaTan pakeTa, BbI- 
NONHEHHAA NO adpOAMHaMMYeCKON Cxeme 
“yTKa”, CO CBOGOAHO BPalalOlWMMCA XBOC- 
TOBbIM KPbiNbeBbiM GnOKOM. 
Crapt pakeTbi — HaKNOHHbIN, C NyCKOBOK 
ycTaHOBKM, HaBOAMMON NO yrny wv a3nmyTy 
mecta. YnpasneHue noneTom pakerbi u HaBe- 


feHue ee Ha UeNb OCyUIECTBNAIOTCA NO pa- 
fMoKOMaHAaM, KOTOpbie NocTynaWwT OT pac- 
NONOKeHHOM Ha KOpabne cTaHuMM HaBepe- 
Hua. Moppbis 6oeBow YacTu pakeTb! OCyWe- 
CTBAAeTCA Npw nogNeTe K Yen No KOMaHgZe 
Pagmos3pbisatena nu6o no KOMaHfe, NocTy- 
natoujen OT CTaHUMM HaBepeHuA. 

KoHCTpyKTMBHO pakeTa 9M33 cocTouT 
M3 PAga OTCeKOB, B KOTOPbIX pacnonoxe- 
Hbl: PaguoB3pbiBaTenb, arperaTbi ynpaBne- 
HUA PyNAMM pakeTbI, OCKONOYHO-cpyracHan 
6oesan YyacTb, 6nokuw Goptoson annapaty- 
Pbi, ABYXPEXKMMHbIN TREPAOTONAMBHbIN pa- 
KeTHbIM ABUraTeNb, NPAEMHMKM KOMaHA yn- 
pasnenua. 


he 9M33 short-range missile is 

intended to engage various air 

attack weapons: tactical and naval 

aircraft, helicopters and various 
types of missiles in a wide range of their 
combat use, as well as small surface 
targets. 

The 9M33 is a single-stage missile 
employing a canard aerodynamic configu- 
ration with a freely-rotating aft wing unit. 

The missile is fired at an angle from 
a launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from 
a shipborne guidance radar. The warhead 
is detonated in proximity to the target 


by command from a radar fuze or from a 
guidance radar. 

Structurally, the 9M33 missile consists 
of a number of sections housing a radar 
fuze, missile control surface actuators, a 
HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control com- 
mand receivers. 


Paketbi “Dakena” Fakel’s Missiles 
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1. /lyck paxembi 9M33 c paxkemHozo KopabnA Ha Bo3dywHOU NodywKke “bopa 


9M33 missile launched from air-cushion missile ship Bora 


2. Cmapm paxembi 9M33 c bonbwoz0 npomuBoNOdOYHOzO KOpabnA 
9M33 missile launched from a large ASW ship 


3. 3Japamanue nyckosoll ycmanosKu paxemamu 9M33 
Launcher being loaded with 9M33 missiles 
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3PK C-300® “Puc”. 3enutTHan ynpaBnaemaa paketa 5B55PM 


ee a “yt t Let ty. iy 
let cages tapi a Wee 


Rif S-300F AD missile system. 5V55RM guided missile 





eCHMTHAA yNpaBnAemaan pakeTa cpeg- 

Hew fanbHocTH 5B55PM npegka3Ha- 

4eHa ANA NopadkKeHMA Kak COBpeMeH- 

HbIX, TaK M MEPCNEKTMBHbIX CpeAcTs 
BO3AYWHOFO HanafeHMA: CaMONeTOB CTpa- 
TerM4eCKOU, TAKTMYECKOW M MOPCKONM aBna- 
MM, CTpaTerMyecKux KPbiNaTbIX pakeT, 
ABMAUMOHHbIX pakeT, TAKTMYeCKMX M ONe- 
PaTMBHO-TaKTM4eCKUX HanNMCTMYeCKMXx pa- 
KeT, GECNMNOTHbIX NeTAaTeNbHbIX annapaToB 
— B WMPOKOM AMana30He ycnoBHii ux boe- 
Boro npumeHeHna, 

Paketa 3KCnnyaTupyeTca B repmMeTM4- 
HOM TpaHCNOPTHO-NyCKOBOM KOHTeHepe 
(TNK) w He tpe6yet npoBepok u perynupo- 
BOK B TeYeHHe BCerO CpoKa CnyxObl. 

5B55PM — ognoctyneHyatan pakera, 
BbINONHEHHAA NO HOPMaNbHOW azpoAMHa- 
MU4eCKON Cxeme, C paCcKpbiBaembIMU Nocne 
cTapta pynamu. 

CrapT paketbl — BepTMKanbHbIii, C no- 
MOUbIO YCTaHOBNeHHON B TIIK KaTanynbrTbl, 
6e3 npepsBaputenbHoro pa3BopoTa nycKo- 


BOM yCTaHOBKM B CTOpoHy enn. Slocne 3a- 
nycka ABMraTena pakeTa CKNOHAETCA B Tpe- 
6yemom HanpaBneHun B 3aBUCMMOCTM OT 
NONO)KEHMA YENM NPM NOMOUIM raZ0BbIX py- 
neii-3nepoHos. 

Npw HaBefeHun pakerb! ucnonb3yeTca 
NpwHuUMN CONpoBOKAeHMA YeNM 4epe3 pa- 
Kety. OckonoyHo-dyracHan Goesan YacTb 
60nbWOM MOWHOCTH B COYeTaHUH C BbICO- 
KMMM neperpy3Kamu, KOTOpbie cnocobxHa 
BbIJepKUBaTb PakeTa, OGecneynBaloT 3>- 
dekTuBHoe Nopakenue yened, B TOM YuCNe 
VW MHTCHCMBHO MaHeBpupyioulMx. 

Paketa 5B55PM ocHaujeHa BbICOKO3p- 
CekTMBHbIM TBEPAOTONAMBHLIM ABUraTe- 
nem. KOHCTPyKTMBHO OHa COCTOMT M3 pasa 
OTCEKOB, B KOTOPbIX pacnonorKeHbl: pagno- 
nenexratop, annapatypHbii orcek (6oprto- 
Baf annapatypa BbINONHeHa B BUZe MOHO- 
6noKa), OCKONOYHO-dyracHan GoeBaA 4aCTb, 
TBEPAOTONAMBHbIM pakeTHbIN ABMraTeNb, ar- 
peratb! ynpaBneHua pynamn paketbl. 


he 5V55RM medium-range missile is 

intended to engage the in-service 

air attack weapons as well as those 

under development, including 
strategic, tactical and naval aircraft, 
strategic cruise missiles, air-launched 
missiles, tactical and theater ballistic 
missiles and UAVs in a wide range of their 
combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. 

The 5V55RM is a single-stage missile 
employing a normal aerodynamic configu- 
ration with control surfaces that are 
unfolded after launch. 

The missile is launched vertically with 
an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 
ing on the position of the target, the mis- 


sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

Missile guidance is of the missile- 
tracking type. A powerful fragmentation 
warhead coupled with the missile’s ability 
to withstand high g-loads ensures effi- 
cient destruction of targets, including the 
intensively evading ones. 

The 5V55RM missile is fitted with a 
powerful solid-propellant engine. Struc- 
turally, it consists of a number of sections 
housing a radio direction finder, an equip- 
ment section (the onboard equipment fea- 
tures a monoblock unit), a HE fragmenta- 
tion warhead, a solid-propellant rocket 
engine, and missile control surface actua- 
tors. 
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3PK C-300® “Pud-M”. 3enutTHaA ynpaBnanemaa paketa 48H6 


Rif-M S-300F AD missile system. 48N6 guided missile 





eHUTHaA yNpaBnAeman paketa Oonb- 
wow fanbHocTn 48H6 npeg~HasHaye- 
Ha (VIA NOPadKeEHMA KaK COBPEMEHHbIX, 

Tak MW MePCNeKTMBHbIX CpeACTB BO3- 
AyWHOFO HanageHuA: CamoneTos CTpaTeru- 
YeCKOU, TAKTHYECKOM MW MOPCKOM aBualnn, 
cTpaterwueckux KpbinaTbIx paket, aBMal- 
OHHbIX pakeT, TAKTHYECKUX M ONepaTMBHO- 
TakTM4ecKMx Gannuctuyeckux paket, bec- 
NMNOTHBIX NeTATeNbHbIX annapaToB, — BO 
BCeM Avana3z0He yCnoBNi ux GoeBoro npu- 
MeHeHMA. 

Paketa 3KCnnyaTMpyeTca B repMeTHY- 
HOM TPaHCNOPTHO-NyCKOBOM KOHTeMHepe 
(TNK) u He tpe6yet npoBepok u perynupo- 
BOK B TeYeHMe BCerO CpoKa cnyx6bl. 
48H6 — omvoctyneHyatan paketa, Bbinon- 
HeHHaA NO HOpMasIbHOW a3pofukamuec- 


KOK Cxeme, C packpbiBaembiMu Nocne CTap- 
Ta pynamn. 

Crapt paketbi — BepTuKanbHbIi, C No- 
MOU\bIO yCTaHOBNeHHON B TIIK KaTanynbTbl, 
6e3 npegBapuTenbHoro pa3BopoTa nycKo- 
BOW YCTaHOBKH B CTOpoHy uenn. MMocne 3a- 
nycKa ABMraTenAa pakeTa CKNOHAeTCA B Tpe- 
6yemom HanpaBneHun B 3aBMCMMOCTH OT 
NONOKEHMA YEN NPK NOMOWM raz0BbIx py- 
nei-3nepouHos. 

Mpw HaBefeHun pakerbi ucnonb3yeTcaA 
MpwHuMN CONpoBOKAeHHA WENN Yepe3 Ca- 
my pakety. Ockono4yHo-dyracHan 6oesaa 
4acTb 6oNbWOK MOUHOCTH B COYeTaHMM C 
BbLICOKMMM Neperpy3KamM, KOTOpbIe Cno- 
co6xHa BbifepxKuBaTb paketa, O6ecneynBa- 
OT 3ccekTuBHOe NopadkeHue ene, B TOM 
4MCNe MW MHTCEHCMBHO MaHeBpmpyioulMx. 


he 48N6 long-range missile is 

intended to engage the in-service air 

attack weapons as well as those 

under development, including 
strategic, tactical and naval aircraft, 
strategic cruise missiles, air-launched mis- 
siles, tactical and theater ballistic mis- 
siles, and UAVs in the complete range of 
their combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. 

The 48N6 is a single-stage missile 
employing a normal aerodynamic configu- 
ration with control surfaces that are 
unfolded after launch. 

The missile is launched vertically with 


an aid of a catapult mounted in the trans- 
porting-launching container, without 
prior laying the launcher in the direction 
of the target. After the blast-off, depend- 
ing on the position of the target, the mis- 
sile is deflected in the desired direction by 
means of gas vanes (ailerons). 

Missile guidance is of the missile- 
tracking type. A powerful fragmentation 
warhead coupled with the missile’s ability 
to withstand high g-loads ensures effi- 
cient destruction of targets, including the 
intensively evading ones. 
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1. Taxensid amomuoil paxemupii Kpedicep “Nemp Beauxui” 
C pakemHbim KomnneKcom “Pud-M” 
Heavy nuclear-powered missile cruiser Pyotr Veliky 
equipped with Rif-M AD missile system 


2. TpaHcnopmuo-nycKossie KoHMedHepbi C pakemamu 48H6 
8 nodnany6xHom npocmpancmee Kpelicepa 
Transporting-launching containers with 48N6 
missiles under deck of the cruiser 


3. /lyck 3YP c kpedcepa “Nemp Benuxui” 
Guided missile launched from cruiser Pyotr Veliky 
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3PK “KnnHok”. 3eHuTHaA ynpaBnaemaa paketa 9M330 


Klinok AD missile system. 9M330 guided missile 





eCHUTHAA ynpaBnAemaA pakeTa Manon 
AanbHocTM 9M330 npegHa3HayeHa 
ANA NOpadkeHMA pa3sNMyHbIx CpeAcTs 
BO3AyWHOrO HanafeHuA: CamoneTOB 
TaKTMYeCKOM MW MOPCKOM aBualinu, BepTo- 
netos, ynpapnnembix 6Gom6 wu paket pa3- 
AWYHbIX KNACCOB — B WAPOKOM Avana30He 
ycnoBuii ux 6oesoro npumeHeHuns, a TaKoKe 
Manopa3MepHbIxX HafBOAHbIX Yenei. 
Paketa 3KCnnyaTupyetca B repmMeTH4- 
HOM TPaHCNOPTHO-NyCKOBOM KOHTeMHepe 
(TNK), He Tpe6yet nposepok u perynupo- 
BOK B TeYeHuMe BCero CpoKa Cny Obl. 
9M330 — oguoctyneHyaTaa pakeTa, 
BLINONHEHHAA NO aIPOAMHAMMYECKON Cxe- 
me “yTKa”, C paCcKpbiBaeMbiIM Noche cTapTa 
CBO6OAHO BpalljaOUMMCA XBOCTOBbIM KPbI- 
nbesbim Gnokom. CrapT pakeTbl — BepTu- 
KabHbIM, C MOMOLIbIO YCTAaHOBNEHHOW B 
TMK katanynttel, 63 npeasapuTenbHoro 
pa3BOpoTa NyCKOBOH yCTaHOBKM B CTOpOHy 
uenu. Nocne sBbixoga paket v3 TIIK, ne- 


pef 3anycKkOM pa3rfOHHO-Mapwesoro ABH- 
raTena, OHA CKNOHAETCA B Tpebyemom Ha- 
NpaBNeHUN C NOMOLIbIO CNeyMaNbHOH ra30- 
AMHAMUYECKOM CMCTeMBI. 

YnpasneHue nonetom pakerTbi vu HaBe- 
feHve ee Ha Wenb OCyueCTBNAeTCA NO pa- 
AMOKOMaHAaM, KOTOpbie nocTynaWT OT pac- 
NONO)KeHHOM Ha KOpabne cTaHunn HaBepfe- 
Hua. Mogpbis Goesok yactu pakeTbi npon3- 
BOAMTCA NP noANeTe K YeNM no KOMaHge 
Pagqvos3pbisatena nvu6o no KomaHge, no- 
cTynaiwen OT CTaHynn HaBegeHua. 

KOHCTpyKTMBHO paketa 9M330 cocrTo- 
MT M3 PAA OTCEKOB, B KOTOPbIX pacnono- 
‘KEHbI: PaAMOB3pPbiBaTeNb, arperaTbi ynpaB- 
NeHMA PyNAMM pakeTbI, CHCTeMa ra30QnHa- 
MMY4eCKOFO CKNOHEHMA PakeTbI, OCKONOY- 
HO-qyracHan 6oesan YacTb, 6noKn Gopto- 
BOM annapatypbi, ABYXpeKUuMHbIN TBeEpAO- 
TOMMMBHbIN PakeTHbIM ABMraTeNnb, Npnem- 
HWKM KOMaHA ynpaBneHna. 


he 9M330 short-range missile is 

intended to destroy various air 

attack weapons: tactical and naval 

aircraft, helicopters, guided bombs 
and various types of missiles in a wide 
range of their combat use, as well as small 
surface targets. 

The missile is operated in a sealed 
transporting-launching container and 
does not require any maintenance and 
check-ups throughout its entire service 
life. 

The 9M330 is a single-stage missile 
employing a canard aerodynamic configu- 
ration with a freely-rotating aft wing unit 
that unfolds after the blast-off. The mis- 
sile is launched vertically from its trans- 
porting-launching container by means of a 
catapult mounted in the container, with- 
out prior laying the launcher in the direc- 
tion of the target. After the missile leaves 
the transporting-launching container and 


before the sustainer booster is started, the 
missile is deflected in the desired direc- 
tion by means of a special gas dynamic 
system. 

Missile flight control and guidance are 
accomplished via radio commands from a 
guidance radar mounted aboard a ship. 
The warhead is detonated in proximity to 
the target by a command from a radar fuze 
or from a guidance radar. 

Structurally, the 9M330 missile con- 
sists of a number of sections housing a 
radar fuze, missile control surface actua- 
tors, a gas dynamic missile deflection sys- 
tem, a HE fragmentation warhead, onboard 
equipment units, a dual-mode solid- 
propellant rocket engine, and control 
command receivers. 
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1. 3annosbiti nyck paxem 9M330 c 6opma bonbuiozo 
npomusonodoyHoz0 Kopabaa “Admupan Ya6axHeHKo”™ 
9M330 missiles launched in salvo from large ASW ship Admiral Chabanenko 


2. Kpbiuwku nycKosbix ycmaHoBoK pakemHozo KomnaAeKca “KnuHoK” 
Klinok AD missile system launchers’ covers 


3. Paxema 9M330 8 mpaxcnopmHo-nycKoBom KOHMeUHEpe 
9M330 missile in transporting-launching container 


Cmapm pakembt 9M330 c 6opma mamenozo asuaHecywsezo 
Kpedicepa “Admupan @aoma Cosemcxozo Coiw3a H.T. Ky3Heyos” 
9M330 missile launched from heavy aircraft-carrying cruiser 
Admiral of the Fleet ot the Soviet Union N.G. Kuznetsov 
4. Cxnowenue paxembi 

Missile deflecting in the required direcrtion 


5. 3Janyck mMapwesoz0 dsuzamena 
Sustainer starting 
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XapakTepMCTHKM 3eHMTHIX yNpaBNAeMbIX pakeT ANA KOpabenbHbIx 3PK 
Missiles for Naval Air Defense Systems (Basic Characteristics) 


30a nopakenna, KM Pa3mep pakerTbi, M 
Target engagement zone, km Overall dimensions, m 


no AanbHOCTH no BbicoTe pa3max Kpbinbes 
(cra6unu3atopos) 


























Macca 6oesoi 4actu 
pakerei, Kr 


Makcumanbuaan 
CKOPOCTb NopaKaemon 
yenu, KM/4 


Macca pakerel, Kr 











Ha3eaHue Designation 

















Max target speed, 
km/h 


Missile weight, kg Warhead weight, kg 
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ABYalMOHHble pakeTbl 
Knlacca “BO3fYXx-BO3Ayx” 


Air-to-Air Missiles 
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yucne nepBbix 3afa4, NOCTABNEHHbIX 
nepeg MKB “®aken”, 6bino BbinonHe- 
Hue UCNbITaHMh M OTpaboTKa aBMaun- 
OHHOU ynpaBAAeMOM pakeTbI KNacca 
“po3pyx-Bo3zpyx” PC-1Y. Co3paBaTb 3ty pa- 
KeTy Hayanu B 1951 rogy 8 KB-1. K pa6ote 
Hag Hei Gbin npMBNeYeH PAA BeAYUMX Ha- 
y4HO-MCCHeAOBaTeNbCKMX M KOHCTPyKTOp- 
CKUX OpraHu3ayni cTpakbl. Mepegaya 
PC-1Y 8 segenne MKB “®aken” npaktuyec- 
KM He noBneKna 3a Cobo u3MeHeHUi B 
cpokax nposegenua pa6or. 

{na BbinonHeHMA NOCTaBNeHHON 3afa- 
uw B MKB “®aken” 6binu 3aqencTBoBaHbl 
ONbITHOe NPON3BOACTBO M UCNbITaTeNbHbIe 
cny6b! npeanpwatna. Cneynanncte! KOH- 
cTpykTopckoro 61opo o6ecneynsanu u npo- 
BefleHve nepsbix B Hale CTpaHe nycKkoB 
ABMAUMOHHLIX ynpaBnAembIxX PakeT NO Ca- 
monetam-muweHaM. Mepsbii 13 HX COCTO- 
anca 8 Mapta 1955 roga no camonety-60m- 
6apauposunky Ty-4. 

B 1956 rogy paketa PC-1Y 6bina npu- 
HATa Ha BOOpy»KeHMe ucTpeOuTeneli-nepe- 
xBaT4uukos Mul-17NY uw AK-25K. 

fjanbHeiwum pa3BuTnem 3TOM paKkeTbl 
ctana PC-2Y, paspa6orKa KoTOpo Hayanacb 
B KOHUe 1954 roma. Ee ocHOBHbIMM OTAM4N- 
amu oT PC-1Y 6binw Gonbwan AanbHocTb ny- 
cka u 6onbwMA AMaNa30H CKOpOCTed Mu BbI- 
COT NPUMeHEHMA, YTO NOZBONANO UCNONb30- 
BaTb ee B COCTaBe KOMNNeKCOB BOOpyKeHMA 
6onee CKOPOCTHbIX M BbICOTHLIX UCTpebuTe- 
nei-nepexsatunkos. PC-2Y 6bina npmuata 
Ha BoopyKeHve B HOAOpe 1957 roga u B 
flanbHehwem NpMMeHANaCcb B Ka4ecTBe OC- 
HOBHOrO BuAa OpyKuA MCTpeOuTeneii-nepe- 
xpatunkos Muf-1911M u Cy-9. 

YcnewHble nepsbie warn B CO3q4aHMM 


ynpasnnemoro pakeTHOrO BOOpyKeHuA 
no3sonunu MKB “@aken” npuctynutb K 
BLINOMHEHMIO HOBOFO 3afaHuA — CO3QaHUWO 
aBMaWMOHHOM paket K-6. Pa3pa6otKa 
3TOW pakeTbl, NPeAHasHayaBWeNCA ANA MC- 
NONb3OBaHMA NEPCNeKTMBHbIMM CamoNeTa- 
mu-nepexsatunkamn (V-3, E-150 uw pagom 
ppyrux), Benacb c gekaOpa 1954 roga. B 
xofe pa6otbi 6bin npogemoHcTpuposaH 
BbICOKMM NOTeHWUMaN CneuMaNucTos npep- 
npuatua. OW NpegNorkunn pag KOHCTPyK- 
TOPCKHX peweHni, peanuzayMA KOTOPbIX 
AonKHa 6bina 3ameTHO yny4wuTb xapakTe- 
PUCTMKM PakeTbI, yNPOCTHTb ee NpoU3B0A- 
cTBO w 3KCnnyaTaunio. OAHako M3-3a 3Ha- 
YUTeNbHOM 3arpy3KM NpeANpMATHA 3eHUT- 
HOM pakeTHOM TemMaTMKON, paboTe! no K-6 uv 
ee MOMePHM3MpoBaHHOMy BapwaHTy K-6B B 
anpene 1958 roga 6binw npekpaweHbi. 

B cepequue 1960-x rogos — B 3noxy pe- 
OpraHv3ayMn aBMayMOHHOM MW pakeTOCTpoH- 
TenbHOW NpombiwNeHHOCTH — B MKB “@aken” 
6bino pa3paboTaHo eule Ba NpOeKTa aBuNaly- 
OHHbIX ynpaBnnembIx paket. O6e janbHero 
nevictena. OHM npeAHasHayanuch ANA UC- 
nonb3oBaHuA ucTpeOuTenamy-nepexBaTun- 
Kamu Ty-148 w E-155 (Muf-25). Oguako panb- 
Hewero pa3BMTMA 3TH paboTbI He NonyyMnu. 

Hecmotpa Ha TO, YTO Co3qaHHbie MKB 
“Maken” aBnalnonHble ynpaBnaremble pake- 
Tb! 6biNM NPMHATbI Ha BOOPyKeHMe B KOHUE 
1950-x roqoB, NPOAOMKUTENbHOCTb WX 3KC- 
nnyaTauyuu B page cTpak npesbicuna 40 ner. 
B Hayane 1960-x rogos ux npon3Bo,cTBO 
no nvueH3mn Gbino ocBoeHo B KuTae nog 
o6o03Ha4eHnem PL-1, a B KOHUe 1990-x ro- 
fos B Monbwe Ha ocHose PC-2Y 6bina co- 
3fjaHa PakeTa-MMWeHb, NpeAHasHayaBwaan- 
CA AA TpeHMpoBKu pacyeTos 3PK, 


mong the first tasks assigned to the 

Fakel Engineering Design Bureau was 

testing of the RS-1U air-to-air mis- 

sile. The development of the missile 
began at the Design Bureau #1 (KB-1) in 
1951. A number of leading research and 
design bureaus of our country were 
involved in this project. The RS-1U project 
handover to Fakel entailed practically no 
changes in the work schedule. 

To accomplish the task, the Fakel 
Engineering Design Bureau used its own 
test production and testing facilities and 
services. The Design Bureau's specialists 
were also in charge of conducting the first 
in our country launches of airborne guided 
missiles at target aircraft. The first launch 
was Carried out on March 8, 1955, with a 
Tupolev Tu-4 bomber being the target. 

In 1956, the RS-1U missile was adopt- 
ed for service with Mikoyan MiG-17PFU 
and Yakovlev Yak-25K fighter-interceptor 
aircraft. 

The development of the follow-on ver- 
sion, the RS-2U, started in late 1954. The 
missile differed from the RS-1U by a 
greater firing range, wider flight speed and 
altitude range. This made it possible to 
use the RS-2U with weapon systems 
mounted on higher-speed and higher- 
altitude fighter-interceptor aircraft. The 
RS-2U was adopted for service in 
November 1957 and was subsequently 
used as the main weapon of MiG-19PM and 
Sukhoi Su-9 fighter-interceptor aircraft. 

The first successful steps towards 
developing guided weapons allowed Fakel 
to start a new project — designing the K-6 
air-launched missile. The development of 
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this missile that was intended for 
advanced interceptor aircraft (the I-3, 
E-150 and a number of others) began in 
December 1954. 

In the course of work, the Bureau spe- 
cialists demonstrated their high engineer- 
ing potential. They offered a number of 
engineering solutions the implementation 
of which was to considerably improve the 
missile’s performance characteristics, as 
well as to streamline its production and 
operation. However, since Fakel had con- 
siderable amounts of work to do on the AD 
missiles, all work on the K-6 and its 
upgraded version, the K-6V, was discontin- 
ued in April 1958. 

In the mid-1960s — the time when air- 
craft and missile production industries 
were being restructured — two more proj- 
ects of the air-launched missiles were 
developed at Fakel. Both were long-range 
missiles intended for Tu-148 and E-155 
(MiG-25) fighter-interceptor aircraft. 
However, these projects had no further 
development. 

Regardless of the fact that the air- 
launched missiles designed by Fakel were 
adopted for service in the late 1950s, in 
some countries they remained in opera- 
tion for more than 40 years. In the early 
1960s, their license production was mas- 
tered in China, with the missiles designat- 
ed PL-1. And in the late 1990s, a target- 
missile intended for training crews of the 
AD missile systems was developed in 
Poland on the basis of the RS-2U. 


Ucmpe6umenb-nepexaamyuk Mul-19/1M c paxemamu PC-2Y 
MiG-19PM fighter-interceptor equipped with RS-2U missiles 
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ApBuauyvouHaa ynpaBaanemaa paketa PC-1Y 


RS-1U air-to-air guided missile 





BMaWMOHHaA ynpaBnAemaA pakeTa 

PC-1Y npegHa3HayeHa ana nopaxe- 

HUA pa3NU4HbIx CpeACTB BO3AYWHOrO 

HanageHua, KOTOpbie BKNIOYANT B Ce- 
6A CaMOneTbI CTpaTern4eckou Mu TakTMYeC- 
KOK aBuaymn. 

Paxeta PC-1Y — ogHoctynexyaraa, Bbi- 
NONHeHa NO azpoAMHamMYeCcKON cxeme 
“yrKa”, C Kpectoo6pa3Ho pacnonoxeHHbi- 
MM KpbiibAMu M pynamn. CTapT pakeTbI — C 
Hanpasnaowen Gankn CamoneTHO nycKo- 
BOW ycTaHoBKu. YnpaBneHue ee noneTom u 
HaBefeHve Ha LieNb OCyUieCTBNAeTCA NO 
PaQnvokKOMaHAaM CaMONETHOM CTaHuMH Ha- 
BefeHua. Nogpbis 6oesou yactu npoucxo- 
AMT npw nognete K Yenw no KoMaHpe 
paquos3pbisatena. 

Paketa PC-1¥ coctowt u3 natu orTce- 


KoB: 6oeBOK YaCTH C paqnoNOKauMOHHbIM 
B3pbiBaTenem, OTCeKa C PyNAMM M pyneBbi- 
MM MalwMHKaMy, TREPAOTONAMBHOrO ABMra- 
Tena c AByMA GOKOBbIMM CONNaMy, OTCeKa C 
BO3AYWHbIM aKKYMyNATOPOM faBNeHuA uM 
3NemMeHTaMM annapaTypbi M OTCeKa C 6n0- 
KOM pagmoynpasnenna. 








Paxema PC-1Y 8 noneme (pucyHox u3 mexHuYyecKozo onucaHuA 1955 2.) 


he RS-1U air-to-air guided missile is 
intended to engage various air 
attack means, including strategic 
and tactical aircraft. 
The RS-1U is a single-stage missile 
employing a canard aerodynamic configu- 
ration with cruciform arrangement of 





RS-1U missile in flight (a picture from technical description, 1955) 





wings and fins. The missile is fired from an 
aircraft's missile launcher guide. The mis- 
sile’s flight path control and guidance are 
accomplished via commands from an air- 
craft guidance radar. The warhead is deto- 
nated in proximity to the target by a com- 
mand from a radio fuze. 

The RS-1U comprises five sections: a 
warhead with a radar fuze, a section with 
fins and wing actuator assembly, a solid- 
propellant engine with two side nozzles, a 
section with an air-propellant gas genera- 
tor and equipment components, and a sec- 
tion with a radio control unit. 
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Paxembi PC-1¥ xa ucmpe6umenax-nepexeamyuKax Mul-17/OY 
RS-1U missiles on MiG-17PFU fighter-interceptors 





























ABuauMonHaa ynpaBnaemaa paketa PC-2Y 





RS-2U air-to-air guided missile 





ofepHu3ayna paxetbi PC-1Y. Mpeg- 

Ha3Ha4eHa ANA NOPadkeHNA paznu4- 

HbIX CpeACTB BO3AYWHOFO Hanafe- 

HMA, KOTOpbIe BKMONAIOT B CebA Ca- 
mMoNeTbI CTpaTernyecKOW Mw TaKTMYeCKOU 
apvauun. 

Paketa PC-2Y — ogHoctynenyaraa, BbI- 
nonkHeHa NO a3poAMHamuyecKow cxeme 
“ytka”, C Kpectoo6pa3Ho pacnonomeHHbl- 
MM KpbInbamu M pynamu. CrapT pakeTbl — C 
Hanpasnaiowen Gankw CamoneTHOH nycKo- 
BOW yCTaHoBKK. YnpaBneHue ee noneTom u 
HaBefeHve Ha Web OCyueCTBNAeTCA NO 


PaQvoKOMaHAaM CaMONeTHON CTaHUMM Ha- 
BegeHua. Nogpbis Goesou yactu npoucxo- 
AMT Npw nognete K Yen NO KOMaHse pa- 
AMoB3pbiBaTena. 

Pakxeta PC-2Y coctout w3 natu oTce- 
KoB: 60eB80/ YaCTM C paqMonoKalMOHHbiM 
B3pbiBaTeNeM, OTCeKa C pyNAMM M pyneBbi- 
MM MalJMHKaMH, TBEPAOTONAMBHOIO ABUra- 
Tena c AByMA GoKOBbIMM CONnnaMH, OTCeKa C 
BO3AYWHbIM aKKyMyNATOpOM faBneHuA U 
3N@MeHTaMM annapatypbi uM OTCeKa C 6n0- 
KOM pagMoynpasnenua. 


he RS-2U air-to-air guided missile (a 

modernized version of the RS-1U) is 

intended to engage various air 

attack means, including strategic 
and tactical aircraft. 

The RS-2U is a single-stage missile 
employing a canard aerodynamic configu- 
ration with cruciform arrangement of 
wings and fins. The missile is fired from 
the aircraft’s missile launcher guide. The 
missile’s flight path control and guidance 
are accomplished via commands from an 
aircraft guidance radar. The warhead is 


detonated in proximity to the target by a 
command from a radio fuze. 

The RS-2U missile comprises five sec- 
tions: a warhead with a radar fuze, a sec- 
tion with fins and wing actuator assembly, 
a solid-propellant engine with two side 
nozzles, a section with an air-propellant 
gas generator and equipment components, 
and a section with a radio control unit. 
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Paxemei PC-2Y Ha ucmpe6umenax-nepexeamyuxax Mul-1911M u y-9 
RS-2U missiles on MiG-19PM and Su-9 fighter-interceptors 
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. Paxema PC-2Y nod Kpsinom ucmpe6umena Mul-211 
RS-2U missile under wing of MiG-21P fighter 
. Xsocmosod omcex paxempi PC-2Y 
Tail section of RS-2U missile 
. Paduos3poigamenb pakemp! PC-2Y 
Radio fuze of RS-2U missile 
4,5. Paxemoi PC-2Y, Komopbimu soopyKanuc 


ucmpe6umenu-nepexeamyuxu Mul-19/1M 
RS-2U missiles for MiG-19PM fighter-interceptors 


ABuanoHHble pakerTbi Knacca “BO3AYX-BO3AyX” 
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ABuauMoHnHaan ynpaBnneman paketa K-6 


K-6 air-to-air guided missile 





BMaWMOHHaA yNpaBnnemaA paketa 
K-6 npegHa3HayeHa Ana nopaKeHua 
Pa3nu4Hbix CpeAcTB BO3AyWHOFO Ha- 
nageHua, npexge Bcero CamoneToB 

cTpaTerMyeckonu MW TaKTHYeCKOH aBuauun. 
Paketa K-6 — ogHoctyneHyatan, BbI- 

nONHeHa NO HOPMaNbHOK aspoAuHamuyec- 

KOU Cxeme, C Kpectoo6pa3Ho pacnonoKeH- 

HbIMM KpbInbaMM M pynamn. CrapT pakeTbi — 

C Hanpasnaiower Gankn camoneTHOH nyc- 

KOBOM yCTaHOBKM. YnpaBneHue ee noneTomM 

W HaBefeHuve Ha WeNb OCyWeCTBAAeTCA NO 
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PagMvoKOMaHAaM CaMONETHOM CTaHUMM Ha- 
Begeuua. Mogpbis Goesoi yactu npoucxo- 
AMT NpMW nognete K Yenw NO KOMaHZe pa- 
AvoB3pbiBaTena. 

Paketa K-6 coctomT u3 pafa OTCeKOB, B 
KOTOpbIX pacnononmKeHbi: GoeBan YaCTb C 
PaQMVONOKAWMOHHbIM B3PbiBaTeNem, TBep- 
AOTONAMBHbIN ABMraTenb C AByMA OOKOBLI- 
MU CONNaMy, PyNM, pyneBbie MaWMHKH, BO3- 
AYWHbIN aKKYMyNATOP AaBNeHuA M annapa- 
Typa ynpasnexua. 


he K-6 air-to-air guided missile is 
intended to engage various air 
attack means, primarily strategic and 
tactical aircraft. 
The K-6 is a single-stage missile employ- 
ing a normal aerodynamic configuration 
with cruciform arrangement of wings and 
fins. The missile is fired from an aircraft's 
missile launcher guide. The missile’s flight 
path control and guidance are accom- 
plished via commands from an aircraft 
guidance radar. The warhead is detonated 


in proximity to the target by a command 
from a radio fuze. 

The K-6 consists of a number of sec- 
tions housing a warhead with a radar fuze, 
a solid-propellant engine with two side 
nozzles, fins, a wing actuator assembly, an 
air-propellant gas generator and control 
equipment. 
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1,2. Ucmpebumend Mul-19 c pakemamu K-6 
MiG-19 fighter equipped with K-6 missiles 
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ABualvoHHaa ynpaBnaemaa paketa K-6B 


K-6V air-to-air guided missile 





oOfepHu3aynA paketbi K-6. OcHos- 
Hoe HanpaBneHue MOfepHH3ayMn — 
pacwMpeHve fMana3z0Ha BbICOT 
npwmeHeHua. 
Paketa K-6B — oguoctyneuyatan, Bbinon- 
HeHa NO HOPMaNbHOW aspoAnHamuyeckon 
cxeme, C KpecToo6pa3Ho pacnonoxKeHHbiMu 
KPbIIbAMM WM pynamn. CTapT pakeTbI — C Ha- 
npasnaiwowen 6anku camoneTHou nyckoBou 
ycTaHoBku. Ynpasnenue ee nonetom wu Ha- 
BefeHue Ha UWeNb OCYLECTBNALTCA NO pa- 
AMOKOMaHAaM CaMONeTHOM CTaHuMM HaBe- 


Aeuua. Nopptis Goesou yactu npoucxogut 
npw nognete K yYenw no KOMaHge pagno- 
B3pbiBaTena. 

Paketa K-6B coctomwt 3 pag OTCeKOB, 
B KOTOPbIX pacnononKeHbi: 60eBaA YaCTb C 
PaQMONOKAMOHHEIM B3pPbiBaTenem, TBep- 
AOTONAMBHbIN ABMraTenb C AByMA GoKOBbI- 
MM COnsamy, pynu, pyneBbie MaWMHKH, BO3- 
AYWHbIN aKKyMyNATOP AaBNeHuA UM annapa- 
Typa ynpasneuna. 


he K-6V is a modernized version of 
the K-6 missile. The modernization 
was aimed at widening the altitude 
range. 
The K-6V is a single-stage missile employ- 
ing a normal aerodynamic configuration 
with cruciform arrangement of wings and 
fins. The missile is fired from an aircraft's 
missile launcher guide. The missile’s flight 
path control and guidance are accom- 
plished via commands from an aircraft 
guidance radar. The warhead is detonated 


in proximity to the target by a command 
from a radio fuze. 

The K-6V consists of a number of sec- 
tions housing a warhead with a radar fuze, 
a solid-propellant engine with two side 
nozzles, fins, a wing actuator assembly, an 
air-propellant gas generator and control 
equipment, 
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1. Paxema K-6B 6 myzee MKB “Paxen” 
K-6V missile in Fakel’s Museum 

2. Kpbinbesod Gnox paxembi K-6B 
Wings unit (K-6V missile) 

3. Ucmpe6umenb-nepexeamyuK U-75 c paxemamu K-6B 
I-75 fighter-interceptor equipped with K-6V missiles 
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Apuayuonubie ynpasnaempie paket! B-148 u B-155 (npoekt) 


V-148 and V-155 air-to-air guided missiles (project) 





BMaMOHHbIe ynpaBnAembie pakeTbi 
B-148 w B-155 npegHa3Hayenbi ana 
NOpaxKeHUA Pa3sNMYHbIX CpeACTB BO3- 
AyWHOrO HanageHna”, B TOM 4UCne Ca- 

MONETOB CTpaTermyeckouw M TaKTM4YeCKOU 

aBuayny, a Take pakeT BO3AYWHOFO ba3n- 

POBaHMA — B WMPOKOM AMana3zoHe ycnoBnik 

ux 6o0eB0ro npumeHeHuA. 

Paxetbi B-148 w B-155 — ofHoctynen- 
YaTbIe, BbINOMHEHbI NO HOPMaNbHOM a3zpo- 
AMHaMuyecKonw cxeme, C Kpectoobpa3HoO 
PaCNONOKeHHbIMM KPbINbAMM WM pyNAMM. 
Crapt paket — c HanpasBnaiowen Gankn ca- 
MONeTHOM NyCKOBOM yCTaHOBKH. Ynpasne- 


Hwe noneToM MW HaBefeHue Ha Wend OCyule- 
CTBNACTCA C NOMOLIbIO NONyaKTMBHON ro- 
NOBKM CaMOHaBefeHnA. 

Paketb! B-148, B-155 ocHaujeHb! Kup- 
KOCTHOM ABMraTeNbHOK yCTaHOBKON, BKNO- 
yaiowen B CeOA OAMH MapweBbii MW YeTbIpPe 
pynesbix KPI. KoHcTpykTMBHO Kagan pa- 
KeTa COCTOMT M3 PAAa OTCeKOB, B KOTOPbIX 
pacnonoenbl: nonyakTusHaa ICH, 6oesaa 
yactb, 6nokn boproBoi annapatyppl, ban 
C KOMMOHEHTaMM TONNMBa, KMAKOCTHbIE 
PakeTHble ABUraTenn, arperaTbi ynpasne- 
HMA PyNAMM PakeTbI WM pyneBbimn KP. 


he V-148 and V-155 air-to-air mis- 

siles are intended to engage various 

air attack means, including strategic 

and tactical aircraft, as well as air- 
based missiles in a wide range of their 
combat use. 

The V-148 and V-155 are single-stage 
missiles employing a normal aerodynamic 
configuration with cruciform arrangement 
of wings and fins. The missiles are fired 
from the aircraft’s missile launcher guide. 
The missiles’ flight path control and guid- 
ance are accomplished by a semiactive 
homing head. 


The V-148 and V-155 missiles are fit- 
ted with a liquid-propellant rocket engine 
assembly that includes one cruising 
engine and four control liquid-propellant 
rocket engines. The missiles consist of a 
number of sections housing a semiactive 
homing head, a warhead, onboard equip- 
ment units, tanks with fuel components, 
liquid-propellant rocket engines, wing 
actuator control units and liquid- 
propellant rocket engine control units. 
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Paxemot B-148 u B-155 Ha ucmpe6umenax-nepexeamyuKax Ty-148 (asepxy) u Mul-25 
V-148 and V-155 missiles on Tu-148 (top) and MiG-25 fighter-interceptors 
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XapakTePUCTHKM ABMAWMOHHbIX pakeT KNaCcca “BO3AYX-BO3pyx” 
Air-to-Air Missiles (Basic Characteristics) 


30Ha NopaKeHuA, KM MakcumanbHan Macca paxertbi, Kr Macca 60e80u yacTu Pa3mep pakerbl, M 
CKOPOCTb Nopawaemon pakeTbi, Kr 


yenu, kM/4 Overall dimensions, m 


Target engagement zone, km 
Haseanne Designation no fanbHOCTH no Bbicore PasMax KPHAbES 
Max target speed, Missile weight, kg Warhead weight, kg (cra6unu3atopos) 


altitude wing (fins) span 


45 
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Pa vcnonb30BaHuA GOannucTu4eckux 

pakeT flanbHero AeMCTBUA B BOCHHbIX 

yenax, HaYaBWAACA C NepBbIx 3anyc- 

KOB HemeuKux DAY-2, HanpaBneHHbix 
Ha JIOHQOH, ORHOBPeMeHHO BbIBeNAa B pa3- 
PAM akTyaNbHbIx w 3aga4y GopbObl c 3TMM 
HOBbIM BUAOM OpyKua. fina CCCP otnpas- 
HOM TOYKON B 3TOM paboTe CTano nosBNe- 
HMe MePBbIX 3CHUTHbIX PakeT M COOTBETCT- 
BYIOWMX HayYHbIX M KOHCTPyKTOPCKMX Op- 
raHuzauni, KOTOpbIM MOrMo ObiTb nopyye- 
HO peweHue Takow 3aqa4u. Crumynom ana 
Ha¥ana paOoT nocnykuno HanpasneHHoe 
PyKoBopcTBy CTpaHbl B aBrycte 1953 roga 
MMCbMO Cemv Mapwanos CoBerckoro Cow3a, 
B KOTOpOM 6bina u3no»KeHa Npocbba pac- 
CMOTPeTb BO3MO)KHOCTb CO3MaHMA B CTpaHe 
Cpegcts npoTMBopakeTHON OG6opoHtl. 

HecmotpaA Ha BCIO HOBM3HY M CNOK- 
HOCTb 3afa4u, CKENTMYeECKOe OTHOWEHHE K 
He MHOFUX BUAHbIX yYeHbIx (“CTpenaTb 
PpakeTOW no pakeTe — 3TO TaKaA Ke ry- 
NOCTb, KaK CTpenATb CHapAAOM NO CHapA- 
py”), 3a ee pewenve B3Anacb B 1953 ropy 
rpynna mMonogbix yYeHbIx-paspaboT4nkos 
KB-1 80 rape C AOKTOPOM TeXHM4eCKUX 
Hayk [.B, KucyHbko. Ow npoBenn pag oc- 
HOBONONaralouMx TeopeTMYeCcKUXx uccne- 
AOBaHMM, CBAZAHHbIX C bopmMupoBaHvem 
Heo6xogumoro O6bema cpegcts uv obnnKa 
3KCNEPUMEHTANbHOK NONMFOHHONM CUCTeMbI 
NPO, npegHa3sHayeHHOK ANA npoBefeHna 
HaTypHOM OTpaboTKM nopadKeHMA BxXOAA- 
Wx B aTMOCHepy OAMHOYHbIX FONOBHbIX 
yacten Gannuctuyeckux paket npoTusBopa- 
KeTaMM C OCKONOYHON GoeBOnw YacTbW. 

17 aprycta 1956 roga 6bino BbinywjeHO 
pa3Bepxytoe MoctaHosneHue Coseta Mu- 
Huctpos CCCP, KoTopoe caHkuMoHuposano 


Ha4ano NONHOMaCWTAabHbIx paboT no Tema- 
THKE NPOTMBOPaKeTHON OGOPOHb! uv onpe- 
genano ucnonuutenei, a TakoKe CpOKH CO- 
3QaHMA 3KCNeEpMMeHTaNbHOrO KOMNNeKCa 
MPO — cuctempi “A” wv npotusopaketHoro 
nonwroka. K 3TOMy MOMeHTY CneuManucTbI 
yke MpoBenw MOMCK MeCTa BO3MOKHOrO 
PpacnonokeHua nonuroda, Ha4anocb npo- 
ekTMpoBaHue ero o6bekToB. Mectom ana 
oTpaboTKM cpeAcTB npoTuBopakeTHOK 
o6opoubi crana nyctbiHa betnak-Jjana, 3a- 
nagHee o3epa Banxaw. 

B coctas cuctembi “A” Bown cnepyio- 
ujve OCHOBHbIE CpeACcTBa: PpaguonokaTop 
fjanbHero o6HapyxkeHua GOannuctuyeckux 
yenen (“flyHai-2”); tTpw paguonokatopa 
TOYHOrO HaBeAeHMA, KaKAbI U3 KOTOPbIx 
COCTOAN M3 PaAMONOKAUMOHHbIX KaHaNoB 
W3MepeHMA KOOPAMHaT YeNM UM KOOPAMHaT 
NpOTMBOpakeTbI; pagvonokalMoHHaA CTaH- 
WMA BIBOAa NPOTMBOPpaKeTbI; CTAaH\MA Ne- 
pegayn KoMaHg ynpaBneuua Ha OopT npo- 
TMBOpaKeTbI; MaBHbIi KOMAHAHO-BbINMC- 
AMTENbHbIN NYHKT, COCTOALMH “3 KOMAaH]- 
HOrO NYHKTa MW 3NeKTPOHHOM UMdposon 
BbINMCAUTeENbHOW MaWMHbI ynpaBneHua. 
Bce 3Tv cpeqctsa, pacnonoKeHHble Ha 3Ha- 
YMTENbHbIX PACCTOAHMAX APyr OT Apyra B 
pa3nM4kbilx TONKAX nycTbIHM Betnak-Jjana, 
6biINnv CBA3aHbI MexKAY CObOM pagnopeneii- 
HOM CMCTeEMOM CBA3M MW NepeAan AaHHbIx, 
4To o6ecneynBano BO3MO)KHOCTb ynpaBne- 
HMA BCeEMM CpeACcTBaMM 3KCNepMMeHTanb- 
Horo KOMNMNeKCa C nomOulbiO JBM Cc KO- 
M@HAHO-BbINMCAMTeNbHOFO NyHKTa B eAu- 
HOM 60e60M \YnKne. 

Mpotusopaketa B-1000, co3qaHHan B 
MKB “®aken” ana ucnonb30BaHn_a B COCTa- 
Be cuctembi “A”, oTAM4anacb Oco6on TexHu- 


he era of employment of the long- 

range ballistic missiles for military 

purposes, which began with the first 

launches of the German V-2 targeted 
at London, simultaneously put forward the 
important task to engage such types of 
weapons. As for the USSR, the elaboration 
of the first AD missiles and the setting up 
of related research and design institutions 
capable of solving this problem became a 
starting point in this field. In August 
1953, seven Marshals of the Soviet Union 
sent a letter to the Soviet Government 
requesting to consider the perspectives 
for the development of ABM systems in the 
USSR. It gave an impetus to the activities 
in this field. 

Despite the novelty and complexity of 
the task as well as the skeptical attitude of 
many outstanding scientists towards it 
(“launching a missile at a missile is the 
same nonsense as firing a shell at a shell”), 
a group of young scientists-designers of 
the Design Bureau #1 (KB-1) headed by 
G. Kissunko, Doctor of Sciences (Techno- 
logy), took up the solution of the problem 
in 1953. They carried out several funda- 
mental analytical investigations to esti- 
mate the necessary volume of equipment 
and the layout of an experimental ABM 
range system intended for field tests on 
the engagement of single warheads of bal- 
listic missiles entering the atmosphere by 
anti-missiles equipped with a 
fragmentation warhead. 

On August 17, 1956, the USSR Council 
of Ministers issued a detailed resolution 
authorizing the beginning of full-scale 
activities in the field of the ABM defense 


and appointing the executors. The resolu- 
tion also set the terms for the 
development of the experimental “A” ABM 
system and antimissile testing ground. By 
that time, the experts had already found a 
place for the proposed testing ground, and 
began designing its installations. The 
Betpak-Dala desert to the west of the 
Balkhash lake became the place for testing 
the ABM means. 

The “A” system comprised the 
following main components: an ABM long- 
range acquisition radar (Dunai-2); three 
precision guidance radars, each comprising 
radar channels for measuring the coordi- 
nates of the target and antimissile; an 
antimissile guidance radar; an antimissile 
control radar station; main command and 
computation center consisting of a com- 
mand post and a digital control computer. 
All these assets located at significant dis- 
tances from each other in different parts 
of the Betpak-Dala desert were intercon- 
nected by a radio-relay communication 
and data transmission system that ensured 
computerized control of the entire experi- 
mental system from the command and 
computation center in a unified combat 
cycle. 

The Fakel-developed V-1000 ABM mis- 
sile intended for employment with the “A” 
system was exceptionally sophisticated 
from the point of view of technology. It 
was a two-stage missile with a solid- 
propellant engine and a guided second 
stage with a liquid-propellant engine. The 
anti-missile had an average flight speed of 
1000 m/s, and its control system allowed 
intercepting targets at an altitude of up to 
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Paxembi 5861 Ha napade 7 Hosbpa 1974 2. 
5V61 missiles at the parade on November 7, 1974 


yeckow HoBUM3HOM. B-1000 npepctasnana 
co6ou pByxcTyneHYatyW pakerTy C TBepAO- 
TONAMBHbIM YCKOpUTenem M ynpaBiAemon 
BTOpOM cTyneHbio c KPI. Cpeqnaan cko- 
pOcTb noneTa npoTMBOpakeTb! COCTaBNANA 
1000 m/cek, a ee cuctema ynpaBneHua 
NO3BONANA OCYUIECTBAATh NepexBaT uenn 
Ha BbICOTax fo 25 KM. Baugy CKOpOoTeyHOc- 
TM npouecca nepexBata 6oesBbix ronoBoK 
OannucTMyecKUXx PaKkeT, HEBO3MO)KHOCTU 
BMe@WaTeNbCTBa B 3TOT NPOWeCC YeNoBeKa, 
a TaK)Ke M3-3a BbICOKMX TpebOBaHMi K TOY- 
HOCTM HaBeAeHMA BECb NPOUeCC NepexBata 
6bIN NONHOCTbIO aBTOMAaTM3MpOBaH UM 6a3H- 
poBanca Ha UCNONb30BaHMM YMpoBou 
INEKTPOHHO-BbINMCAMTENbHOM TEXHMKH. 


fina npopemeHuA HaTypHbIX ucnbiTa- 
HW CMCTeMbI HaBeAeCHMA NPOTMBOPAKeTbI 
B-1000 8 coctase cpegcts cuctemb! “A” 
6bina paspaboTaHa HOBaA TeXHONOFMA, OT- 
Beyaiwujan Gonbwow CNOMKHOCTM 3TOFO 
KOMNNeKCa. Tak, NOMAMO TpafAMUMOHHbIx 
{VIA 3CHMTHBIX PaKeT ABTOHOMHBIX NYCKOB C 
UCNONHEHMeM KOMAHA, NOCTyNAaWUMXx OT 
6opToBoro nporpamMMHoro ycTpoiuictsa, uM 
NyCKOB B 3€MKHYTOM KOHType ynpaBneHuA 
nO yCNOBHOM M peanbHbimM YenAM, Obinn 
npegycmotpexbi uv nycku B-1000: 

— B Ppa3O0MKHYTOM KOHType ynpaBneHnA 
no CTyYNeH4aTbIM KOMaHfaM, NepefaBaembim 
Ha 6opT pakeTbI no paquonunuyu oT JBM; 

— B 3aMKHYTOM KOHType ynpaBneHna no 





25 km. Due to the highest speed of inter- 
ception of ballistic missiles’ warheads, 
impossibility of human interference in this 
process, as well as to high requirements 
set for the guidance accuracy, the whole 
interception process was entirely auto- 
mated and employed digital computer 
facilities. 

To execute field tests of the V-1000 
antimissile’s guidance system 
incorporated with the “A” system, a new 
technology matching the complexity of 
the entire “A” ABM system was developed. 
Thus, along with the standard autonomous 
launches of the AD missiles via commands 
from the onboard program device and the 


closed-circuit launches against hypotheti- 
cal and real targets, the following 
provisions were made for the V-1000 
launches: 

— open-circuit control via radio step 
commands transmitted by the computer to 
the missile; 

— closed-circuit control via the preset 
aiming and guidance paths, simulated 
launches of a computer-imitated ABM mis- 
sile against a real target in the system’s 
combat cycle. 

Inclusion of the additional intermedi- 
ate phases in the field tests allowed the 
specialists to fully implement the princi- 
ple “from simple to complex”, which is a 
characteristic feature of the most effec- 
tive methods aimed at the improvement of 
sophisticated engineering systems. 

Experiments on engaging the ballistic 
missiles’ warheads began in November 
1960. An outstanding result was achieved 
on March 4, 1961, when for the first time in 
the world a V-1000 missile’s fragmentation 
warhead destroyed a R-12 long-range 
ballistic missile’s warhead. This is the mes- 
sage sent by the test experts to the head of 
the Communist Party and the government: 


CIPHERED TELEGRAM. TOP SECRET. 
COSMIC. Moscow, Presidium of the Central 
Committee of the CPSU, to comrade 
Khrushchev N.S. 

We are reporting that on March 4, 1961, 
the R-12 ballistic missile fitted with a test 
mockup (a steel plate weighing 500 kg) 
instead of its organic warhead was launched 
from the State central testing range of the 
Ministry of Defense to the “A” testing range 
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(UKCMpOBaHHbIM TpaeKTOpMAM BbIBOAA M 
HaBefeHuA, MOfeNbHbIE NyCKM Nporpam- 
MHO peaM30BaHHoro Ha JBM umutatTopa 
npoTmBopakeTbi No peanbHou Yyenn B Goe- 
BOM WMKNe KOMMNeKCa. 

Bsog AONONHMTeNbHbIX NPOMeKYTOY- 
HbIX 3TANOB HaTYPHbIX MCNbITAHMU NO3B0- 
AUN B NONHOM Mepe peann30BaTb NpMHuUMN 
“OT NpOcToro K CNOKHOMY”, NPUCYLMH Han- 
6onee addektuBHow meTogonorMn oTpa- 
GOTKM CNOMKHbIX TEXHUYECKMX CMCTEM. 

3kcnepwmeHTbI NO NopaxeHuio G6oero- 
nOBOK G6annucTMYeCcKMX pakeT HayaNUCb B 
Hon6pe 1960 roga. A yxe 4 mapta 1961 ro- 
fla Bnepsbie B MUpe OCKONOYHON GoesBon Ya- 
cTblo pakerb! B-1000 6bin yHuyToxKeH 6oe- 
Bol 6noKk GannuctTuyeckonw pakerTbl AanbHe- 
ro pevcteua P-12. Bot Kakoe nocnanHue Ha- 
npaBunn mae napTuu uM NpaBuTenbcTBa MC- 
nbiTaTenu: 


LUM@POTE/IETPAMMA. COB. CEKPETHO 
OCOBOM BAMKHOCTM. Mocxea, Ipesuduym 
LIK KNCC, mos. Xpyweey H.C. 

Aloxnadbieaem, ymo 4 mapma 1961 20- 
da 8 pation nonueoxa “A” c focydapcmeen- 
Ho20 YeHMpanbHOzo NonuzoHa MuHobopo- 
HbI Oba 3anyweHa Oannucmuyeckas pake- 
ma P-12, ocHaweHHaA emecmo wmamHoll 
6oesoli yacmu ee BeCOBbIM MaKeMOM 6 BuU- 
de cmanbxHoli nnumbi Becom 500 ke. Cped- 
cmeamu cucmemp! “A” yenb 6bina obHapy- 
kena Ha GanbHocmu 1500 KM nocnre BbIxO- 
0a ee Had paduozopu3z0Hmow. flo GaHHbIM 
paduonoxamopa “flyHali-2” yeHmpanbxaa 
BbIyucnuMeNbHaA MauiuHa nocmpouna u 
HenpepbigHO ymOYHANA Mpaekmopuio yYe- 
fu, 6bI0aeana yeneyKa3zaHUA paduonoKa- 
mopam mo4yHozo HasedeHus, paccyumana u 


ebI0ana Ha nycKOBble YCMQAHOBKU Ye/bl 
npedcmapmosbix pazsopomos, paccyuma- 
na momexm nycxa. Ilo KomaHde IBM Goin 
npou3zeedex nyck npomusopaxemb! B-1000 
c nyckosoli ycmaxosku N21. Ha sbicome 
25 KM no KomaHde c 3emnu om IBM bein 
npouzeedeH nodpbiB ocKoNOYHO-pyeacHou 
6o0esou yacmu npomusopakembi, nocne 4Ye- 
20, NO GaHHbimM KuHOmomopeeucmpauuu, 
2onoeHan yacmb bannucmuyeckou pakemb! 
Hayana pazeanueameca Ha KycKU. Takum 
o6pa30m, Bnepsbie 8 omeyecmeBeHHod U Mu- 
posoli npakmuke npodemoxcmpuposaKo 
nopaxeuue cpedcmeamu IPO 2onoexou 4a- 
cmu 6annucmuyeckou pakembi Ha mpaek- 
mopuu ee nonema. 


B panbHewwem ewe B AeECATM NyCcKax 
6bino ocyuecTBNeHO aHanorm4Hoe Nopa- 
»*KeHve Goesbix GnoKoB G6annuctuyeckux 
paket P-5 u P-12. 

YcnewHble pe3yibTatTb! UCNbITaHMA Cu- 
crembi “A” no3Bonunn yxKe B MioHe 1961 ro- 
fla 3aBepwMTb paspaborTKy M BbINyCTUTb 3C- 
KM3HbIA NpoeKkT 6GoeBoK OAHOSWENOHHOH 
cuctembi [IPO A-35. Ee paspa6botKa Benacb 
Bbigenvswumca M3 KB-1 Konnextusom OKB 
“Boimnen” (B AanbHevwem HUM paguonpo- 
MbILJN@HHOCTM) NO PyYKOBOACTBOM reHe- 
PanbHoro KOHCTpyKTopa [.B. KucyHbKo, a 
Ha 9Tane ee MOMepHH3ayMM — Nog pyKoBon- 
CTBOM rnaBHoro KOHCTpykTopa V.f]. Omenb- 
yeHKo. A-35 npefHa3Hayanach ANA 3au\n- 
Tb! MOcKBb! OT OMHOM-pByX MOHOONOYHDIX 
M@)KKOHTMHEHTANbHBIX OannUcTM4eCKUx 
pakeT Tuna “TutaH-2” w “MMHMTMeH-2” — B 
BEPXHUX CNOAX aTMOCHepb! M BHE ee. 

Pa6oTbl no npoekTMpoBaHmio CpeAcTs 
cuctemb| A-35 6binw HayaTbl B anpene 


area. The target was detected by the “A” 
system means at a distance of 1500 km 
after emerging above the radio horizon. 
Basing on the Dunai-2 radar data, the cen- 
tral computer detected and continuously 
tracked the target's path, transmitted target 





Nepexeam 6oezonosku paxemi P-12 npomusopaxemou B-1000. Anmepsan mexdy Kadpamu 5 mcex. 
Interception of R-12 ballistic missile’s warhead by V-1000 ABM missile. Time lag between shots is 5 msec 


designation data to precision guidance 
radars, calculated and laid pre-launch 
angles of the launchers, and computed the 
launching moment. Upon the computer 
command, the V-1000 ABM missile was fired 
from the launcher #1. Upon the ground 
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1958 roga v Ha KadKQOM M3 3TaNOB BbINONHE- 
HMA OTpakann 6bicTpo MeHABWIMECA B NpO- 
yecce 3KCnepumeHTos C cucTemon “A” B3rna- 
bl CneuManucToB Ha ee Tpebyembili CocTaB M 
xapaktepucTukn. Oghum W3 TakMx 3TaNoB 
cTafa 3allwTa 3CKM3HOrO NpoeKTa Ha CUCTe- 
my A-35 oceHbto 1962 roga. B cooTsetcraun 
C HMM B COCTaB CKCTeMbI AOMKHbI ObINM BON- 
TM KOMAHAHbI NYHKT, BOCeEMb pagnonokaly- 
OHHbIX CTaHUM, OOpazyouMx KpyroBoe no- 
ne o6HapyxKeHua, uv 32 crpenb6oBbIx KOM- 
nnekca C npoTMBopakeramu 5B61. 

ITM NpoTMBOpakerTbi, CO3AaBaBwMecA, 
Kak w B-1000, 8 MKB “@axken”, 3Hauutenb- 
HO OTNM4AaNMCb MW NO BHEWHEeMY BUAY, 4 NO 
cBOMM 6oeBbiM BO3MOKHOCTAM OT B-1000. 
OaHuM M3 OCHOBHBIX OTAMYNK 5B61 Crano 
UCNONb30BaHMe B MX COCTaBe AQepHON 60- 
eBon actu. 

27 oxtabpa 1961 ropa, 22, 28 oxta6pa 
W 1 HoA6pa 1962 roma c YenbiO u3yyeHHA 
BO3MOMKHOCTH MCNONb3OBaHMA NOMOOHbIX 
6oeBbix 3apAgosB B COCTaBe npoTuBopake- 
Tb! 6biNO NPOBeAeHO NATb SKCNEPMMeHTOB 
nog o603HayeHuem “K”, B npoyecce KoTO- 
pbix Ha BbICOTax OT 80 Ao 300 KunomeTpoB 
Hag MONMrOoHOM OCyUeCTBNANCA noApbiB 
AgepHbIx 3apagos. B 3Tux 3KCNepHmMeHTax 
BbIACHMNOCb, YTO BbICOTHbIE AMepHbie 
B3PbIBbI He BbI3BANM KaKMX-nubo Hapywe- 
Hui B pabote cpepcts cuctembi “A”. 

B MKB “@aken”, npuctynue K npoektn- 
poBaHuio pakertbi 5B61, 6bictpo npnwnu K 
BbIBOAY O TOM, YTO HOBY!O pakeTy HeBO3- 
MOMKHO CO3QaTb, ACNONb3YA Te Ke TEXHUYe- 
ckve npegAnocbinkn, 4¥TO MW Npu co3qaHMM 
B-1000. [Ina HoBOK NpoTMBOpakerTb! Tpebo- 
BaNMCb HOBbIe ABMraTenu — C MeHbUWwen 
Maccou wm nyywen 3HepreTHKOu, HOBbIe 
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NpwHuMNbI NOCTpoeHuA TpaeKTOpMN None- 
Ta, Np KOTOPbIX 3HAYMTeENbHO CHMKANOCd 
a3poAuHamuyeckoe conpoTuBneuve. Mpu- 
mMeHeHue B CucTeme A-35 agepHoro CHapa- 
}KEHMA NOZBONUNO OCYWIECTBNATS NepexBat 
yened npoTuBopakeTamu He TONbKO Ha 
BCTPe4HbIX Kypcax (Kak B CucTeme “A’), HO 
Ww Ha BCTpe4yHO-nepecekaiwuuxca. B pe- 
3ynbtate 5B61 nonyyunacb abconioTHo He- 
noxonKer Ha CBOIO NPeAWeECTBeEHHMLy. 

HapegeHue Ha Uenb NpoTMBOpakerTbi 
5B61 ocyujecTBnaAnocb KOMaHAHbIM MeTO- 
fom. KomaHfa Ha nogpbis 6oes0u yactu 
BbipabatTbiBanacb Ha 3eMNe WM NepegaBa- 
Nacb Ha bop pakertbi. Bnepsbie ana pewe- 
HMA 3afa4n NepexBaTa CTONb CNOKHbIX Ye- 
nei 6bina Co3qaHa M peanu3oBaHa CUCTeMa 
ynpasneHua npogonbHbim ABM)KeHMeM pa- 
KeTbI, YTO O6ecne4ynno ee NpuNeT B TOUKY 
nepexBata C MAHMMasbHbIMM pa3z6pocamu 
OTHOCMTENbHO 3afaHHOrO BpeMeHN BCTPe- 
yu. fina 3toro 6bin co3faH CneynanbHbIi 
KOHTYp perynupoBaHuA TArM ABMraTeNnA 
npotuBopakerbi, paspaboraHb! cooreercr- 
BylouMe anropuTMbI ynpaBneHua. 

B pamkax co3ganua cuctemb! A-35 6bin 
npopefeX pag pabot no cuHTe3y ontu- 
MaJIbHbIX CUCTEM TeneHaBefeHUA NPOTMBO- 
pakeTbl, NO anropuTMaM unbTpaunnu uM Me- 
Tofam HaBepeHuA. YCUNMAMM HECKONBEMX 
WHCTMTYTOB 6bina CO3AaHa CNOKHAA MaTe- 
MaTM4eCKaA MOZeNb CTpenbOoBoro KaHana 
cuctembi A-35 (“3neKTpOHHbii BbICTpen”) 
ANA MCCHeAOBaHMA XapaKTeEpMCTMK OTAENb- 
HbIX NOACMCTEM MW OWEHKM 3deKTHBHOCTH 
cTpenb6bi B yenom. 

K 1967 rogy Ha nonuroxe 6bin pa3Bep- 
HyT 3KCNepMMeHTanbHbIN OOpazey CucTe- 
mbt A-35 -— “Angan”, ucnbitaHvA KOTOpOrO 


computer command, the HE fragmentation 
warhead of the antimissile was initiated at 
an altitude of 25 km, and after that, accord- 
ing to the film recording data, the ballistic 
missile’s warhead began to disintegrate. 
Thus, for the first time in our country’s and 
world practice, an ABM missile destroyed a 
warhead of a ballistic missile within its 
flight path. 


During the subsequent ten launches, 
the warheads of the R-5 and R-12 ballistic 
missiles were similarly destroyed. 

Successful results of the “A” system 
tests allowed the experts to complete the 
development phase and to elaborate the 
conceptual design of the A-35 ABM 
monoechelon combat system by June 
1961. The development of the A-35 system 
was Carried out by the Vympel Experimen- 
tal Design Bureau (subsequently, the 
Radio Industry Research Institute) that 
had separated from the Design Bureau #1. 
It was supervised by chief designer G. Kis- 
sunko, and later, during the modernization 
period, by chief designer I. Omelchenko. 
The A-35 system was intended for 
protecting Moscow from one or two single- 
block intercontinental ballistic missiles, 
such as the Titan-2 and Minuteman-2, in 
the upper atmosphere and outside of it. 

Project works on the A-35 system 
facilities began in April 1958, and every 
stage of the system’s development and 
testing brought about quick changes of 
views of the experts concerning the opti- 
mal composition and characteristics of the 
“A” system. The competition for a 
conceptual design of the A-35 system in 


the autumn of 1962 became one of such 
stages. According to this conceptual 
design, the system was supposed to com- 
prise a command post, eight radar station- 
S generating circle-type detection field, 
and 32 system launchers equipped with 
t h e 
5V61 ABM missiles. 

Like the V-1000, the 5V61 ABM 
missiles had been developed by the Fakel 
Engineering Design Bureau. They 
considerably differed from the V-1000 
both in exterior and in combat 
capabilities. One of the main differences 
was the possibility to fit the 5V61 with 
nuclear warheads. 

In 1961 (on October 27) and in 1962 
(on October 22, October 28 and November 
1), five code-named “K” tests were carried 
out to estimate the possibility of 
employing similar warheads in the ABM 
missile. During the tests, the nuclear 
charges were initiated at the altitudes of 
80 to 300 km over the testing ground. The 
tests showed that high-altitude nuclear 
explosions did not adversely effect the “A” 
system facilities operation. 

Shortly after the works on the 5V61 
missile had begun, the Fakel experts came 
to a conclusion that it was impossible to 
create a new missile using the engineering 
solutions that had been employed for the 
development of the V-1000. The new ABM 
missile required new engines (featuring 
smaller weight and increased power) and 
new principles of flight path design to 
considerably reduce the aerodynamic 
drag. The use of nuclear components in 
the A-35 system allowed intercepting 


173 





Paxema 5861 Ha napade 7 HoAn6pa 1974 2. 
5V61 missile at the parade on November 7, 1974 


3aBePWUMNMCh “yCNOBHbIMM” nepexBaTaMu 
ronoBHbix YacTeu paket P-12 u ppyrux, 60- 
nee COBepweHHbIx GannucTu4eckux pakerT. 
Ucnbitahua nonwroHHoro KOMNNeKCa 
cuctemb! A-35 nogTBepAMnu NpaBUAbHOCTb 
MPMHATbIX Hay4HO-TeXHUYeECKUX peweHni, 
KoTOpbie Obecneywnn GoeBoe yHKuMOHH- 
poBaHve 3TOM NONHOCTbIO aBTOMaTH3MpO- 
BaHHOW CUCTeMbI NPM NopaykKeHHM MOHO- 
6noyHon Gannuctuyeckon pakerTbi. Bnepsbie 
6oeBan 3agaya C peanbHbimu nyckamu Npo- 
TMBOPAaKeT WTAaTHbIM GoeBbIM pacueTom Obina 
BbinonHeHa 9 uioHA 1970 roga, a B 1971 ro- 
AY TONOBHOM KOMNMNeKC CHCTeMbI A-35 6bin 
NPMHAT B ONbITHYIO 3KCNNyaTaynW. 
Onuako K Ha4any 70-x rogoB onepexa- 


;ulMe TeMNbl CO3qaHuA GannucTM4eckux 
pakeT Ha3eMHOrO M MOpCKOrO ba3upoBa- 
Hua “MunutmeH-3”, “Monapuc-A-3T”, “No- 
ceipou C-3”, ocHaujaBwuxcA MHOrO3apAp- 
HbIMM FONOBHbIMM YaCTAmMM, NoTpeboBann 
npopefeHuA CneyManbHoro aHanu3a BO3- 
mMOMKHOCTeHW CucTembi A-35. Kak noka3anu 
ero pe3ynbtatbi, nopakKeHuve nogobublx Ue- 
nei B YCROBMAX NOMeX MW NPUMEHEHMA KOM- 
nnekca cpegcts npeogoneuua MPO (6onb- 
WOe KONMYECTBO AOMKHbIX NEFKUX WM TAKE- 
Nbix WeNeH, CTAHUMU AKTMBHbIX NOMEX, MaC- 
Kupyiouux Goesbie 6noKu Ha TpaeKkTOpMu 
“x noneta) cpeactsamu cuctembi A-35 6bI- 
NO HEBO3MOXKHO. Baugy 3Toro B 1977 ropy 
Ha BoopyxKeHMe 6biIN NPMHAT TONbKO MO- 





targets by ABM missiles not only on the 
meeting course (as in the “A” system), but 
on the collision course as well. As a result, 
the 5V61 ABM missile was absolutely dif- 
ferent in comparison to its predecessor. 
The 5V61 was guided by commands. 
The warhead initiation command was gen- 
erated on the ground and transmitted to 
the missile. For the first time in the world 
practice, for intercepting such complicat- 
ed targets the missile longitudinal flight 
control system was developed and put into 
practice, ensuring the missile’s arrival to 
the interception point with minimum 
delay with regard to the preset time. To 
achieve such efficiency the specialists 





174 & Paketbi “Makena” 





developed a special circuit of the ABM mis- 
sile’s engine thrust control and the 
corresponding control algorithms. 

Within the framework of the A-35 sys- 
tem development, works were carried out 
on the synthesis of optimal systems for 
the ABM missile TV guidance, on filtering 
algorithms, and guidance methods. Efforts 
of several research institutes resulted ina 
complex mathematic model of the A-35 
system's firing channel (“an electronic 
shot”) applied for the performance analy- 
sis of some subsystems and general esti- 
mation of the shooting efficiency. 

By 1967, the Aldan experimental 
prototype of the A-35 system was 
deployed at the testing ground, and the 
tests resulted in successful simulated 
interceptions of warheads of the R-12 mis- 
siles and other advanced ballistic missiles. 

The tests of the A-35 system prototype 
confirmed the accuracy of applied scien- 
tific and technological solutions that 
ensured combat efficiency of the entirely 
automated system in a monoblock ballistic 
missile engagement. The first operational 
launch of the ABM missiles was executed 
by the organic crew on June 9, 1970, and in 
1971 the first complex of the A-35 system 
was commissioned for operation testing. 

However, by the early 1970s, a high 
development rate of shipborne and 
ground-based ballistic missiles such as 
Minuteman-3, Polaris-A-3T, Poseidon S-3 
equipped with multiple warheads necessi- 
tated the special analysis of the A-35 
system capabilities. The results showed 
that the A-35 system assets were inca- 
pable of engaging such targets in condi- 
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AePHU3MpOBaHHbIM BapMaHT CMCTeMbI — 
A-35M, KoTopan nonyyuna cnoco6HoOcTb 
nopadkaTb — C ONpefeneHHbimu orpaHnye- 
HUAMM — Nog“obHble CnomHbIe Gannuctu4e- 
ckuve yenn. C 1978 roa ona NocTaBneHa Ha 
6oeBoe AerxKypcTBo. 

B 1962 ropy pykosopcTso cTpaHbi MHY- 
uMMpoBano paboTbi no co3gaHuio CUCTeMbI 
C-225, paspa6otka KOTOpOM Benacb Kon- 
nektusom KB-1 nog pykosogctsom rexe- 
PanbHoro KOHCTpyKTopa A.A. PacnnetuHa 
(a nocne ero cmeptn B 1967 rogy — nog py- 
kosoqcTsom 6.B. ByHkKuHa). OHa npepHa3- 
HayanaCbh ANA 3alulMTbl Manopa3mepHbix 
o6bekToB OT HaneTa OAHON-AByx Gannuc- 
TM4eCKMX ened MW BKNOYaNa B CBOK COCTaB 
PagMONoKayMOHHyO CTAaHUMWO C ca3zupo- 
BaHHOW AHTeHHOM peweTKON ANA cnexKe- 
HUA 3a YeNbIO MH ANA HaBeAeHMA NpoTMBO- 
pakeT, a TakKKe CTaH\MiO nepegayn KO- 
mang. B MKB “®aken” co3qasanacb npotn- 
Bopaketa 527 ana ucnonb30BaHuA B CO- 
crape cuctembi C-225. 

B paketax cuctembi C-225 6bino npu- 
M@HEHO HeMaslO TEXHMYeCKMX HOBWECTB. 
{ina Hux NpoBenn pag uccneAoBaHui an- 
rOPUTMOB aTMOCHepHOH CeneK\nn Yenen, 
aNrOpMTMOB BbIBOAa M yNpaBneHu”A, anro- 
PUTMOB ONTMMaNbHOU sbunbtpaymn. OgHo- 
BPeMeHHO C 3TMM NpoBoAMNacb HanpA- 
%KeHHaA paboTa WM Ha NONMroHe NO Co3fa- 
HMO KOMMNeKCa MaTeMaTMYeCKMXx MOge- 
new, NPeAHasHayeHHbIX ANA NpeAnycKoBo- 
ro w nocnenyckoBoro mogenupoBaHna, 
OWeHKM TOYHOCTM HaBegeHua, O6ecneYe- 
Hua 6ez0nacHOCTM npoBepeHuA NeTHbIX 
vcnbiTaHui. OgHako no pagy npm4uH B Ce- 
pequue 70-x rogos pa3pabotka cuctembl 
C-225 6bina npexpawena. 


C yyeTom onepexkaiuero pa3BuTua 
CpeAcTs HanafeHMa M COBEpWeHCTBOBaHMA 
Oannuctuyeckux paket B Ha4ane 70-x ro- 
fos 6binu pa3zBepHytbl paboTbi no co3fa- 
HUW CHCTeMbI BTOpOrO noKONeHua TIPO 
Mocksb (qByx3wenoHHaa Cuctema A-135). 
Ha3HayeHMem 3T0K CucTemMbI Obina rapaH- 
TMpoBaHHaA 3aujuta MOCKOBCKOrO npo- 
MbIWAeEHHOFO patoHa OT rpynnbl Gannuc- 
TMYECKMX pakeT uM MX GoeBbIx 6noKoB. Ona 
NONHOCTbIO BNMCbIBaNacb B NONOKeHHA 
florosopa no MPO, nognucaHHoro mexkay 
CCCP u CWA 8B 1972 ropy. 17 tespana 
1995 roga cuctema MPO Mockosckoro 
npombiwneHHOro pahouna A-135 npuuHata 
Ha BOOpy)KeHue. 

B coctas cuctembi A-135 sxoguT co- 
3naHHan B MKB “®aken” npotusopaketa 
3aaTmOcdepHoro nepexsata, npeAHasHa- 
YeHHaA AIA YHUYTOKEHMA GoeBbIx 6nOKOB 
M@KKOHTUHEHTAIbHbIX OannucTu4ecKux 
pakeT AO ux BxOga B aTMOCKHepy. 

CopepweHcTBoBaHue pakeTHbix CpegcTB 
Ana cuctem MPO segetca 8 HanpaBneHun 
CO3AaHMA BbICOKOTOYHIX NpOTMBOpaKeT, 
UCNONb3YIOWMX NPHHUMNbI CaMOHaBEAeHMA 
v4 Ge3bagepHoro nopaxkenwa. C 3TOK YenbiO 
B NocnegHue rogbl 6bin npoBegeH GonbwWoK 
o6bem npoekTHbix pabot no cucTemam Ca- 
MOHABeAeHMA NEPCNeKTMBHbIX NPOTMBOpa- 
KeT, NO ONpeAeneHuw TpeboBaHni K AMHa- 
MU4ECKMM XapaKTePMCTHKaM MX 3NEMEHTOB 
W CMCTeM CaMOHaBefeHMA, NO OWEHKE TOY- 
HOCTM HaBeQeHMA M BEPOATHOCTH NOpaKe- 
Huan Goesbix 6noKos Gannuctuyeckux pa- 
KeT. PeweH pag CnoKHbIX NpobneM uM yHH- 
KabHbIX 3afja4 HayKM, TEXHMKM WM NpoN3- 
BOACTBa, He MMelOWMX aHaNoroB B NpaktTn- 
Ke 60eB80 pakeTHOW TeEXHUKH. 


tions of interference and employment of 
various anti-ABM means (numerous light 
and heavy decoys, active jamming 
facilities that concealed the warheads on 
their flight paths). That is why only a 
modernized version, the A-35M system, 
was adopted for service; it was capable of 
destroying, with some limitations, the 
complex ballistic targets. Since 1978, this 
system has remained on combat duty. 

In 1962, our country’s government 
initiated the works on the S-225 system, 
which was developed by the experts of the 
Design Bureau #1 headed by general 
designer A. Raspletin (after his death in 
1967, headed by B. Bunkin). The system 
was intended for defending small-size 
installations against the strikes of one or 
two ballistic targets and comprised a 
phased-array radar for target tracking and 
ABM missile guidance, and a command 
transmission radar. The Fakel Engineering 
Design Bureau developed the 5Ya27 ABM 
missile for employment with the S-225 
system. 

Missiles of the S-225 system boasted 
of many technological improvements. The 
experts studied the algorithms of atmos- 
pheric selection of the targets, steering 
and control algorithms, and optimal 
filtering algorithms. Simultaneously, the 
intensive work was carried out at the test- 
ing range to develop mathematical pat- 
terns for pre-launch and post-launch sim- 
ulation, estimation of guidance accuracy, 
as well as for providing the flight tests 
safety. However, in the mid-1970s, the 
development of the S-225 system was 
stopped due to some reasons. 


Taking into consideration the quick 
development of attack means and the 
modernization of ballistic missiles, in the 
early 1970s, the work on the Moscow ABM 
second-generation system (two-echelon 
A-135 system) was initiated. This system 
was intended for ensuring the defense of 
the Moscow industrial region against a 
group of ballistic missiles and their 
payload units. The system fully complied 
with the ABM Treaty signed by the USSR 
and the USA in 1972. On February 17, 
1995, the 
A-135 ABM system of the Moscow industri- 
al region was adopted for service. 

The A-135 system comprises a Fakel- 
developed exoatmospheric ABM missile 
intended for engaging warheads of inter- 
continental ballistic missiles before they 
reenter the atmosphere. 

Perfection of the ABM missiles is 
aimed at the development of the high- 
precision antimissiles employing the 
homing and conventional destruction 
principles. For this, several projects have 
recently been carried out dealing with 
homing systems for the ABM missiles; 
estimation of the necessary dynamic 
parameters for the missile components 
and homing systems; estimation of guid- 
ance precision and probability of engaging 
the ballistic missiles’ warheads. The 
experts have managed to solve a number 
of complex problems and unique scientific, 
technological and production tasks that 
have no analogs in combat missilery. 
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WA: 


Cuctema “A”. Mpotusopaketa B-1000 


“K” ABM system. V-1000 ABM missile 





potwsopaxera B-1000 npegHa3Hayena 

Ana nopaxkexua 6oeronoBok 6annuc- 

THYeCKMX pakeT AaNbHero AelcTBuA. 

B-1000 npegctasnnet cob0i pByx- 
cTyneHyaTy!O pakeTy, BbINOMHEHHYWO NO 
HOPMaNbHOM aIPOAMHAMMYeECKON Cxeme. 
CtapT pakeTbl — HaKNOHHbIN, C NyCKOBOK 
yCTaHOBKH, HABOAMMON NO yrny HW a3MMyTy 
mecta. YnpasneHue nonetom uw HaBefeHne 
Ha UeNb OCYLIECTBNAWTCA NO pagMoKo- 
MaHjlaM, KOTOpbie NOCTyNaWT OT Ha3eMHON 
cTaHuMM HaBepeHuA. NMogptis G6oeson 
YaCTM NPOM3BOAMTCA NpH NoANeTe K Yen 
no KOMaH@e, NocTynaiwwer OT HaseMHOK 


cTaHumw HaBepeHua. Nepean cTyneHb 
B-1000 -— TBepgoTonAMBHbIN pakeTHbIK 
ABMraTeNnb C yCTAHOBNEHHBIMM Ha HEM CTa- 
6unu3aTopamy, BTOpaA CTyNeHb OCHaljeHa 
YKUAKOCTHOM ABUraTeNbHOK yCTaHOBKOHK C 
HaCOCHOM CMCTeEMOK NOfAAayW KOMNOHEHTOB 
TonnMBa B ABMraTenb. KOHCTpyKTMBHO 
Mapwesaa ctyneHb B-1000 coctouT u3 
pAga OTCeKOB, B KOTOPbIX pacnonowKeHbI: 
6oeBaa 4acTb, 6noKu GoptoBon annapaty- 
pbi, 6akuw C KOMMOHEHTaMy TONNMBa, KKA- 
KOCTHbIM PakeTHbIM ABMraTeNb, arperaTbl 
ynpaBneHuA pynAMM pakeTbl, NPHEMHMK 
KOMaHA ynpaBneHua. 


he V-1000 ABM missile is intended to 
engage warheads of long-range 
ballistic missiles. The V-1000 is a 
two-stage missile employing a 
normal aerodynamic configuration. 

The missile is fired at an angle from a 
launcher laid in elevation and azimuth. 
Missile flight control and guidance are 
accomplished via radio commands from a 
ground guidance radar. The warhead is ini- 
tiated in the proximity to the target by 
command from a ground guidance radar. 

The first stage of the V-1000 consists 
of a solid-propellant rocket engine with 


externally mounted stabilizing fins. The 
second stage is fitted with a liquid- 
propellant pump-feed engine. 

Structurally, the V-1000 sustainer 
stage comprises a number of sections 
housing a warhead, onboard equipment 
units, propellant tanks, a liquid-propellant 
engine, control surface actuators, and con- 
trol command receiver. 
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of? rion _ 
" 1. Mpomusopaxema B-1000 neped nyckom, oxma6pb 1958 2. 
V-1000 ABM missile before launch, October 1958 
2,3,4. Cmapm npomusopaxempi B-1000 
Launch of V-1000 ABM missile 
5,6. flamamuux paxeme B-1000 Ha nonuzoHe 
V-1000 missile memorial at a firing range 
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Cuctema CATYPH. Mpotusopaketa 20f)”C” (npoekt) 


KOHUe 1950-x rogos B MKB “Maken” 

nposogunncb paboTbi no u3yyeHnio 

BO3MO)KHOCTM CO3qaHMA nepeABMrK- 

HOrO KOMNNeKCa NpoTMBOpakKeTHOK 
o6opont! “CatypH”. B pe3ynbtate npepz- 
npuatne npeAnokuno ucnonb3oBaTb ANA 
oTpa6oTkw cpegAcTB AaHHoro KOMNneKCa 
paxery 20f)"C”. 

Npotusopaketa 20f\"C” npeactasnana 
co6o0i pByxctyneHyaTyio pakerty, BbinoN- 
HeHHYIO NO HOpMaNbHOM azpoAuHamuyec- 
KOM CxeMe, C YCTaHOBNEHHbIMM B NepegHen 
yacTw pakeTbl fectabunn3atopamn. Crapt 
pakeTbi — HAKNOHHbIM, C NYCKOBOM ycTaHoB- 
KM, HABOAMMON NO yrny MW a3sMMyTy MeCcTa. 
Ynpapnenue nonetom pakeTbi M HaBefeHne 
ee Ha YeNb NpeANonaranoc’ ocywectBAATb 
NO paQuvokOMaHgam OT Ha3eMHOM CTaH\Mn 


Saturn ABM system. 20D”S” ABM missile (project) 






x é, 
ee ee ee ee a 


HapefeHma. Ha KOHEYHOM yyaCcTKe noneTa 
npegnonaranoc’ ucnonb30BaTb CaMOHaBe- 
Aexve. 

Nepean cryneHb 20f\"C” npegctasnaer 
co6oh TeepAoTONAMBHbIM pakeTHbIn ABUra- 
Tefb C yCTaHOBNeHHbIMM Ha Hem CTabunn- 
3aTOpamM; BTOpaA OCHaljeHa KUAKOCTHOK 
ABUraTeNbHOK yCTAaHOBKOM C HAaCOCHON CH- 
cTemow nofayw KOMNOHEHTOB TONAMBa B 
Asuratenb. KOHCTpyKTMBHO MapwesaA CTy- 
neHb 20f\"C” coctout w3 paga OTCeKOB, B 
KOTOPbIX PaCNONOKeHbI: FONOBKa CaMOHa- 
BegeHua, Goesan YacTb, 6noKu GoptoBou 
annapatypbi, 6aku C KOMNOHeHTaMM TonnAH- 
Ba, KUAKOCTHbIM pakeTHbIN ABUraTeNb, ar- 
peratbi ynpaBneHua pynamn pakeTbi, npu- 
eMHMK KOMaHA ynpaBneHua. 


n the late 1950s, the Fakel Engineering 
Design Bureau studied the possibility 
of creating the mobile Saturn ABM 


system. Finally, the enterprise 
suggested that the 20D”S” missile be used 
for testing the system. 

The 20D"S” is a two-stage antiballistic 
missile employing a normal aerodynamic 
configuration with destabilizers arranged 
in the fore part of the missile. The missile 
is launched at an angle from a launcher 
laid in elevation and azimuth. The mis- 
sile’s flight path control and guidance 
were supposed to be accomplished via 
radio commands from a ground guidance 
radar. It was planned to use homing guid- 
ance at the final leg of the trajectory. 

The first stage of 20D”S” is a solid- 


propellant rocket engine with arranged 
stabilizing fins. The second stage is fitted 
with a liquid-propellant pump-feed 
engine. Structurally, the sustainer stage of 
the 20D"S” consists of a number of sec- 
tions housing a homing head, a warhead, 
onboard equipment units, propellant 
tanks, a liquid-propellant rocket engine, 
missile control surface actuators and a 
control command receiver. 
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Cuctema CATYPH. Mpotusopaketa 5B21”C” (npoekt) 


Saturn ABM system. 5V21”S” ABM missile (project) 





KOHYe 1950-x rogos B MKB “Maken” 

npoBogAMnnch paboTb! no u3yyeHuio 

BO3MOMKHOCTM CO3QaHMA NpOTMBOpa- 

KeT ANA nepegBMxKHOrO KOMNNeKCa 
npoTuBopakeTHOW O6opoHb! “CatypH”. B 
pe3ynbTaTe npeanpwaTne npepAnonkuno uc- 
NONb30BaTb B COCTaBe AAaHHOrO KOMNNeKCa 
pakety 5B21”C”. 

Npotusopaketa 5B21”C” npeactasna- 
na co6oW ppyxctynenyatyio pakety, Bbl- 
NONHEHHYIO NO HOPMaNbHOM aspoq_uHamn- 
YeCKOM CXeMe, C YeTbIDbMA TpeyronbHbIMM 
Kpbinbamu Gonbworo yanuHeHna. CrapT pa- 
KeTbI — HAKOHHbIM, C NYCKOBOM yCTaHOBKH, 
HaBOQMMOHM NO yrny M a3MmyTy MecTa. Ha- 
BefeHue pakeTbl Ha YeNb NpeAnonaranoc 
OCYUECTBNATb C MCNONb3OBaHMeM CHCTEMbI 
CamMoHaBepeHna. 


Nepsaa cryneHb 5B21”C” npegcrasna- 
eT Co60H YeTbIpe TREPAOTONAMBHbIx ABUTa- 
Tena, YCTAHOBNEHHbIX Ha MapweBou CTyne- 
HM PakeTbl MedKAy Kpbinbamn. Bropaa cty- 
N@Hb OCHAWIeHa MKMAKOCTHOM ABMraTenb- 
HOW YCTaHOBKOM C HaCOCHOM CUCTeMOK NO- 
fja4v KOMNOHEHTOB TONAMBa B ABMraTeNb. 
KoOHCTpyKTHBHO MapweBaA cTyNeHb 
5B21”C” coctout “3 pafa OTCeKOB, B KOTO- 
PbIX pacnonoKeHbi: ronoBka CaMOHaBee- 
Hua, 6noKH 6opToBou annapatypb! ynpaB- 
neHUA NONeTOM pakeTbi, Goesan YactTb, 6a- 
KM C KOMNOHEHTaMM TONNMBA, KUAKOCTHBIN 
pakeTHbId ABMratenb, arperaTb! ynpasne- 
HUA PyNAMM pakeTbl. 


n the late 1950s, the Fakel Engineering 

Bureau studied the possibility of creat- 

ing antiballistic missiles for the mobile 

Saturn ABM system. Finally, the 
enterprise suggested that the 5V21”S” 
missile be used as part of this system. 

The 5V21”S” was a two-stage missile 
employing a normal aerodynamic configu- 
ration, with four high-aspect delta wings. 
The missile is launched at an angle from a 
launcher laid in elevation and azimuth. 
The missile guidance was supposed to 
be accomplished via homing guidance 
system. 

The first stage of the 5V21”S” consist- 
s of four solid-propellant engines arranged 
in the sustainer stage of the missile, 
between its wings. The second stage is fit- 


ted with a liquid-propellant pump-feed 
engine. Structurally, the sustainer stage 
of the 5V21”S” consists of a number of 
sections housing a homing head, onboard 
missile flight control equipment units, 
a warhead, propellant tanks, a liquid- 
propellant engine and missile control sur- 
face actuators. 
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A-35. Mpotusopaketa 3aaTmocdepuHoro nepexsata 5B61 


A-35 ABM system. 5V61 exoatmospheric ABM missile 


Petites Malti 


reer. BAe 2 RTT Te ere pre | © 
as eer te $5 ea hi eel | avin) A eh La 


2 SRY AVR, Apecayl |? Te i 





poTuBopaketa 3aaTMOCHepxHoro ne- 
pexsata 5B61 npegua3HayeHa Ana 
yHUYTOKeHUA Goesbix 6noKOB MexK- 
KOHTMHEHTaNbHbIX GannucTuyeckux 
pakeT AO ux BXOMa B aTMOCHepy. 
Mpotusopaketa BbiINONHeHa NO AByx- 
cTyneH4aTow cxeme, C TeepAoTONNMBHOK 
ABUraTeNbHOK yCTaHOBKOM Ha Nepson cTy- 
NeHM WM KMAKOCTHOM pakeTHOUM ABUraTenb- 
HOW yCTaHOBKON Ha BTOpO cTyneHu. CrapTt 
PaKeTbl — HaKMOHHbIM, M3 TPAHCNOPTHO-ny- 
CKOBOrO KOHTeMHepa. 


YnpasneHue nonetom npoTusopakerTbl 
Ha aTMOCepHOM yYaCTKe TpaeKTOpMNM No- 
neta OCywecTBnAeTCA adpoAMHamMyeckn- 
MM pyNAMM, a BHE aTMOCHepb! ynpaBneHne 
nOneTOM BTOPOM CTyNeHM OCyueECTBNAeTCA 
XKUAKOCTHOM PaKeTHOM ABMraTeNbHON yc- 
TaHOBKON. 

Mpotusopaketa 5B61 o6ecneynsaet 
BbICOKYKO BEPOATHOCTb YHUYTOKeHMA Goe- 
BbIX 6NOKOB MEKKOHTMHEHTANbHbIX Gannu- 
CTM4eCKMX pakeT Ha GonbwMx AaNbHOCTAX 
WW BbICOTAX. 


he 5V61 exoatmospheric ABM missile 
is intended to engage warheads of 
intercontinental ballistic missiles 
before they reenter the atmosphere. 
The missile employs a two-stage scheme 
with a solid-propellant engine for the first 
stage and a liquid-propellant rocket 
engine for the second stage. The missile is 
fired at an angle from a transporting- 
launching container. 
Missile flight control on the endoat- 
mospheric leg of the flight trajectory is 


accomplished with an aid of aerodynamic 
rudders. Outside the Earth’s atmosphere, 
flight control of the second stage is 
effected by the liquid-propellant rocket 
engine. 

The 5V61 antiballistic missile ensures 
a high probability of destroying warheads 
of intercontinental ballistic missiles at 
long ranges and high altitudes. 
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5861 Ha mpaHcnopmuHo-zapaAmxawMWwel MaWUHe 
5V61 ABM missile on the transporting-loading vehicle 


YcmavosKa paxemb! Ha nycKoByw ycmaHoBKy 
Loading a launcher 


Pakema Ha nycKosoll ycmanosKe 
5V61 ABM missile on the launcher 


flyckosar ycmavosKa 
5V61 ABM missile launcher 


. Cmapm npomusopakemp: 5861 


Launch of 5V61 ABM missile 


flamamuuk npomusopaxeme 5B61 Ha nonuzoxve 
5V61 ABM missile memorial at a firing range 
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C-225. NMpotusopaketa 3aaTmocdepuHoro nepexsBata 527 


S-225 ABM system. 5Ya27 exoatmospheric ABM missile 





potuBopaketa 3aaTmocdepxoro ne- 
pexsata 527 npegua3Hayexa Ana 
YHMYTOKeHMA GoeBbIx 6NOKOB MeK- 
KOHTMHEHTaNbHbIX BannuctMu4ecKnx 
pakeT AO UX BxOfa B aTMOCHPepy. 
Mpotusopaketa BbINONHeHa NO AByx- 
cTyneHy¥aTow cxeme, C TBeEPAOTONAMBHOU 
ABUraTeNbHOK yCTaHOBKON Ha NepBon cTy- 
NEHM VW KUAKOCTHOM pakeTHOM ABMraTenb- 
HOW YCTaHOBKOM Ha BTOpOH cTyneHn. CrapT 
pakeTbi — BEPTMKaNbHbIM, M3 TPAaHCNOpTHO- 
nyCKOBOro KOHTeMHepa. 
YnpapneHue nonetom npoTusopakerbi 
Ha aTMOCepHOM yuacTke TpaeKTOpMH No- 
neta OCyueCTBNAeTCA adpoAnHamuyecky- 
MU pyfAMH, a BHE aTMOCHepbi ynpaBneHue 
noneTOM BTOpO CTyNeHM OCyuleCTBNAeTCA 
XKUAKOCTHOM PakeTHOM ABMraTeNbHON yc- 
TaHOBKOU. 


Paketbi “Makena” 


he 5Ya27 exoatmospheric ABM 

missile is intended to engage war- 

heads of intercontinental ballistic 

missiles before they reenter the 
atmosphere. 

The ABM missile employs a two-stage 
configuration with a solid-propellant 
engine for the first stage and a liquid- 
propellant rocket engine for the second 
stage. The missile is fired vertically from a 
transporting-launching container. 

Missile flight control on the endoat- 
mospheric leg of the flight trajectory is 
accomplished with an aid of aerodynamic 
rudders. Outside the Earth’s atmosphere, 
flight control of the second stage is 
effected by the liquid-propellant rocket 
engine. 
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poTuBopaketa 3aaTmocdepHoro ne- 

pexsata 5176 npegHa3HayeHa ana 

YHUYTOKeHUA GoeBbix GnoKOB MedK- 

KOHTMHEHTaNbHbIx GannucTMyecKux 
PakeT O ux BXOMa B aTMOCHepy. 

NMpotusopaketa BbinonHeHa C npume- 
HEHMeM HOBEMWMX AOCTMKEHMM OTeYeCT- 
BeHHOM HayKM M TEXHMKHM, NPOrpeCcCuBHbIX 
TEXHONOFMU, HOBLIX META/INIM4YECKMX M He- 
MeTa/INMYECKMX MaTepManoB, NO AByXCTy- 
neH4aTou Cxeme — C TBEPAOTONAMBHbIM pa- 
KeTHbIM ABMraTenem Ha NepBou cTyNeHH HU 
XKMAKOCTHOM paKkeTHOM ABMTaTeNbHON yc- 
TaHOBKOM Ha BTOpON. CrapT pakeTbi — Bep- 
TMKaNbHbIN, M3 WaXxTHOM NyCKOBON ycTa- 
HOBKM. 

NpotusBopaketa OCHaljeHa KOMAHAHO- 
MHeplManbHOW CHCTeMOHW ynpaBneHuA Cc 
6opToBon UnpoBon BbINMCAMTeNbHON Ma- 
WMHOM, BNepBbiIe NPUMEHEHHON ANA paket 
Takoro Knacca. YnpasneHue noneTom nep- 
BOW cTyMeHw Ha aTMOCepHoM yuacTKe 
TPaeKTOPMM NoNeTa OCyuleCTBNAeTCA azpo- 
AMHaMM4eCKMMNM PynNAMH, a BHE aTMOChe- 
pbi ynpasneHue nonetom BTopow cryneHn 
OCYWECTBNACTCA KUAKOCTHOM pakeTHOK 
ABMraTeNbHOK yCTaHOBKONU, COCTOAWeH M3 
WeHTpanbHoro 6noka Tarn uM YeTbIPeX NOBO- 
POTHbIX ~ABMraTened OnoKa ynpaBneHma, 
KOTOPble KOHCTPYKTMBHO CBA3AaHbI C a3po- 
AMHaMU4eCKMMM pynAMM WM MX pyneBbiMn 
npvsofamn, 

Boptosaa annapatypa npotwsopakerbi 
BbINOMHEHA B PafMal\MOHHOCTOUKOM UC- 
nonHeHuu. Beinw npwHaTbl CneuManbHbie 
Mepbl Ana o6ecneyeHuA pagnaynoHHou 


CTOMKOCTH GopToBOn BbINMCAMTeNbHON Ma- 
wuHbl. KOHCTpyKuMA pakeTbI uM ee GopTo- 
Bou annapatypbi o6ecneyuBaer, npu HeOb- 
XOAMMOCTH, NPOAOMKUTeENbHbIN ABTOHOM- 
HbIM NONeT 63 KOMAHA OT Ha3EMHOH CHC- 
Tembi HaBefeHua. [lo KOMaHfaM OT Ha3em- 
HOW CMCTeMbI HaBeAeHMA NpOTMBOPakeTa 
MOKET NepeHalenuBaTbca B Nonete. boe- 
Bbie Nporpammb! GoproBsow yndposoni Bbi- 
YUCAMTeENbHOM MaWMHbI WM KOHCTpyKuMA 
XKMAKOCTHOW pakeTHOM ABMraTeNbHOH yc- 
TaHOBKM YNpaBNAWWT NPOAONbHbIM ABUKe- 
HweM npoTuBopakerTbl, Onarogapa yemy 
OCyueCTBNAeTCA NpuNneT npoTMBOpakeT B 
3afaHHble TOYKM BCTPeYn C YeNAMM C MH- 
HUMANbHbIMM pa3s6pocamM OTHOCMTeNbHO 
3afaHHoro BpemeHM BCTpe4n. YTo6bbi pea- 
JM30BaTb 3ITOT PedKUM, B KMAKOCTHONM pa- 
KeTHOW ABMraTeNbHOW yCTaHOBKe MCNONb- 
30BaHa OpMrMHanbHan Cxema 3a60pa KOM- 
NOHeHTOB TONNMBa M3 GakoB, ObecneynBa- 
oulaA NOBTOPHbIM 3anycK 6noKa TAM uM 
nonHylo BbIPAaboTKy KOMNMOHEHTOB. 

Mpotusopaketa 51716 o6ecneynsaet 
BbICOKYIO BEPOATHOCTb YHMYTOKEHMA Boe- 
BbIX 6N0KOB MEKKOHTMHEHTaNbHbIX Gannn- 
CTMY4eCKMX pakeT Ha GonbwWHx AanbHOCTAX 
W BbICOTAaX. 

Mpotusopaketa 5116 He umeet aHano- 
TOB B MAPOBOM pakeTOcTpoeHun. 


A-135. Npotusopaketa 3aatmocdepuHoro nepexsBata 5176 A-135 ABM system. 51T6 exoatmospheric ABM missile 


he 5116 exoatmospheric 

antiballistic missile is intended to 

engage warheads of intercontinental 

ballistic missiles before they reenter 
the atmosphere. 

The missile incorporates our country’s 
latest achievements in the fields of sci- 
ence and technology, development of the 
innovative know-how, as well as metallic 
and nonmetallic materials. It employs a 
two-stage scheme with a solid-propellant 
rocket engine for the first stage and 
a liquid-propellant rocket engine for the 
second stage. The missile is launched 
vertically from a silo. 

The missile is fitted with a com- 
mand/inertial guidance system with a dig- 
ital onboard computer; the latter has been 
used in this type of missiles for the first 
time. Flight control of the first stage on 
the endoatmospheric leg of the flight tra- 
jectory is accomplished by the 
aerodynamic rudders. Outside the Earth’s 
atmosphere, flight control of the second 
stage is effected by a liquid-propellant 
rocket engine consisting of a main pro- 
pelling unit and four control unit thruster- 
s that are structurally linked to the aero- 
dynamic rudders and their actuators. 

The missile’s onboard equipment is 
radiation-resistant. Special measures to 
ensure the radiation resistance of the 
onboard computer have been taken. If 
necessary, the missile’s design and its 
onboard equipment configuration can 
ensure the missile’s long-duration free 


flight without any commands from a 
ground guidance radar. The missile is 
capable of in-flight retargeting via com- 
mands from a ground guidance radar. The 
combat operational software of the digital 
onboard computer, as well as the design of 
the liquid-propellant rocket engine con- 
trol the missile’s pitch, which allows the 
missile to get to a missile-target encoun- 
ter point with a minimum time spread in 
relation to the estimated time. In order to 
ensure this mode, a unique scheme of 
drawing fuel from tanks has been imple- 
mented in the liquid-propellant rocket 
engine. The scheme provides for a pro- 
pelling unit restart and complete fuel 
exhaustion. 

The 5116 missile ensures a high kill 
probability of the intercontinental ballis- 
tic missiles’ warheads at long ranges and 
high altitudes. 

The 5176 antiballistic missile still has 
no analogs in the world missilery. 
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1. /lyckoean waxma c npomusopakemoli 5176 
Silo with 51T6 ABM missile inside 


2,3. Kpoiuku nycKossix waxm paxem 5176 
Covers of silos for 51T6 ABM missiles 
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ynoxamop “flon-2H” cucmembi npomusopakemHO ObopoHb! A-135 


(A-135 ABM system) 








JIKCNeEPUMeHTasIbHbIe 
PakeTbI WU NpoeKTbI 


Experimental Missiles 
and Projects 








OnbiTHan 3eHMTHaA ynpaBnaemaa pakera LWB-32 (326) 


OnvitHaa 3eHuTHan ynpaBaneman pakera llb-32 (345) 0 CCC CO OOOO 


ShB-32 (32B) experimental AD guided missile 





axeta LWWB-32 co3qaBanacb Kak nep- 

cnektwBHbid BapwaHt 3YP gna uc- 

nonb3opaHua B cucteme [BO C-25 

Mocksbl. Ee paspaborka 6bina HayaTa 
sp KB-1 8 1951 rogy nog pykOBOACTBOM 
J.J). Tomaweswya uv H.T. 3bipuxa. 

W5-32 npeactasnana co6oi AByxcty- 
neHyatyi0O pakety C TBEPAOTONMBHbIM yC- 
kopuTenem IPf]-10 1 mapweson CTyneHbiO 
c )KPQ. Ucnonb3osaHve — snepsbie ANA 
oTeyectBeHHbIx 3YP — nogobHou AByxcTy- 
neHyaTou cxembi nozBonuno pakere LB-32 
CTapToBaTb C HaKNOHHON Hanpasnaiouen 
6ankw NyCKOBOW yCTaHOBKHM, 3HaYUTeNbHO 
COKpaTMTb BpemA, HEOOXOAUMOE ANIA pa3- 
roHa pakeTbi AO CBeEpX3ByKOBOU CKOPOCTH, 
a TawKe O6ecneyuTb BbICOKYIO CpepHioln 
CKOPOCTb NoneTa No TpaeKTOpHH. 

WB-32 6bina BbInonHeHa NO azpoAN- 
HaMM4eCKOl Cxeme “yTKa”, C KpecToo6pa3- 
HO paCNONOMKeHHbIMM KPbINbAMH M PyNAMH. 
Npumexenve nogo6xHoii cxembi o6ecne4n- 


no pakeTe Tpe6yemyi0 MaHeBpeHHOCTe (0 
9 equHuu) v adpoAMHamnyeckylo ycTOh4u- 
BOCTb NPM pa3sNM4HbIxX pexKumMax NoNeTa. 
ina cra6unu3zaynn pakerbi no KpeHy — no- 
cne ee cxofa C Hanpasnaiowed Ganku um 0 
MOMeHTa HaYana pagMoynpaBneHuA — UC- 
NONb3OBaNNCb 3NepOHbl, yCTaHOBNeHHbIe 
Ha ABYX KpbibAX. 

Pa3paOoTka yCKOpuTena BbINONHANAC. 
p KB-2 3asoga N° 81 nog pykoBoAcTBoM 
V.W. Kaptykosa. KP/\ c sbirecHuTenbHou 
CMcTemMow Noga TONAMBa, B KOTOPOM MC- 
nonb30Banucb CaMOBOCNNaMeHAWUMeCA 
KOMNOHeHTHI TONAMBa AK-200 u TI-02, 6oin 
pa3pa6orav 8 KB-2 HUM-88 nog pykoBog- 
ctsom A.M. Ucaesa. 

Mapwesaa cryneHb Bkniovana B Cceba 
NATb OTCeKOB: C PpaAMONOKAMOHHbIM 
B3pbiBaTenemM C MpMeMHbIMM aHTeHHAMH; 
annapaTHo-pynesou C KyMyNATMBHON 60e- 
BOM YaCTbIO MW NepepaloulMMM aHTeHHaMM 
paqvos3pbisatena; Gakosbin — ANA roplo- 


he ShB-32 missile was originally cre- 

ated as an advanced version of an AD 

missile to be used with the S-25 

Moscow AD system. Its development 
began in 1951 at the Design Bureau #1 
under the supervision of D. Tomashevich 
and N. Zyrin. 

The ShB-32 was a two-stage missile 
with a PRD-10 solid-propellant booster 
and a sustainer stage with a liquid- 
propellant engine. The use of a two-stage 
scheme — for the first time in the Soviet- 
made AD missiles — made it possible to 
launch the ShB-32 from an inclined 
launching ramp, to significantly reduce 
the time required to accelerate the missile 
to the supersonic speed, and to ensure a 
high average line-of-flight velocity. 

The ShB-32 employed a canard aero- 
dynamic configuration with cruciform 
arrangement of wings and fins. The use of 
this scheme gave the missile the requisite 


maneuverability (up to 9 units) and aero- 
dynamic stability in different flight 
modes. In order to stabilize the missile in 
roll after it leaves the ramp and before the 
radio control is enabled, the ailerons 
mounted on two wings were employed. 

The booster was developed at the 
Design Bureau #2 of the Plant #81 under 
the supervision of I. Kartukov. The liquid- 
propellant gas-pressurized rocket engine 
employing the AK-20F and 1G-02 hyper- 
golic propellants was developed at the 
Design Bureau #2 of the Research 
Institute #88 under the supervision of 
A. Isayev. 

The sustainer stage comprised five 
sections: a section housing a radar fuze 
and receiving antennas; instrument and 
control section with a shaped-charge war- 
head and radar fuze transmitting anten- 
nas; tank section for fuel and oxidizer with 
a high-pressure air tank; a section housing 
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yero w oKUCAMTeNA C GannoHOM CKaTOrO 
Bo3pyxa; oTcek c MKP{ w pynesbimu Mauin- 
HaMM ynpaBneHMA 3nepoHamM Kpbiia M 
cra6unu3atTopa; o6teKkatenb DKP{ c Konb- 
WeBou aHTeHHOM paguoynpasneHna. Ynop- 
HbIM KOHYC yCKopuTena 6biIn CBA3AH C Map- 
wesow CTyNeHbIO NPM NOMOWM YeTbIPeX 
3amKos. C Gokos 3Toro KOHyca 6binu pac- 
nonoKeHb! “OKHa” na BbIxOga raz0B KPA. 

NMepsbie 6pockosbie ucnbiTaHnA pake- 
tbi LWB-32 nposogunncb B KOHUe 1952 ro- 
fa. 3aTem B XOfe ABTOHOMHbIX MCNbITAHMA 
w3y4¥anocb NoBefeHve pakeTbl BO BpeMA 
cTapTa MW B aBTOHOMHOM noneTe, uccnefo- 
BanMCb NpOYeccbl pasgeneHua CTyneHeH 
BbINOMHEHMA KOMAHA HaBegeHMA. 

B KoHue 1953 roga WWB-32 yKomnnek- 
ToBann BCeM HEO6xOAMMOK annapaTypon 
NOAFOTOBMAN K NyCKaM B 3aMKHYTOM KOHTY- 
pe ynpasnexua cuctembi C-25. Oqnako 
BBMAY M3MeHEHMA NPMOpHTeTOB B pa3pa- 
6orKe cuctem MBO, qanbHenwero pazBuTHA 


3Ta Tema He nony4yuna. Pa3paboTynKoB 
LW6-32 u3 KB-1 nepesenn 8 MKB “Maken”. 
3necb nog pykosogctsom f1.fJ. [pywuxa 
VCnONb30BaNN paHee M3FOTOBMeHHbIe pa- 
KeTbi LUB ana npoBegeHua pasa SKCNepH- 
mentos. Viccnegosanacb B nonete pa6ota 
MeXaHU3Ma M3MeCHEHMA NepeAaTOYHOrO 
yucna (MUMMY), cornacosbisaBwero Benn- 
4YMHbI OTKNOHEHMA Pyne C BeNMYnHaMH 
CKOpOCTHOrO Hanopa BO3AYyXa; NpOBOAM- 
fMcb MCCNeAOBAaHMA NOBeAeHMA PakeTb! C 
AONONHMTENbHO yCTAHOBNeHHbIMH (NO HOp- 
ManbHOW cxeme) pyNAMM; W3y4asNCb 
C NOMOUbIO CNeyMaNbHOrO ycTpoMcTBa 
(“rpywin”) BO3MOXKHOCTH perynupoBaHnA 
BeENM4MHbI KpMTMYeCKOrO CeYeHMA CoONsa 
ycKopuTena. 

3a spema ucnbitanui LUIB-32, Ao anpe- 
na 1955 roa, 6bino ocywectBneHo 74 nyc- 
Ka, NpHOnu3uTenbHO B 20-TH M3 HUX pake- 
Tht MCNONb30BaNMCcb B KayecTBe “NeTaWw- 
uywx nabopatopuh”. 


| IKCNeEpMMeHTaNbHble pakeTbI M NpoeKTbI 


the liquid-propellant rocket engine and 
wing and stabilizer aileron control actua- 
tors; liquid-propellant rocket engine fair- 
ing with a circular radio control antenna. 
The booster thrust cone was fixed to the 
sustainer section by four locks. The sides 
of the cone had special holes for extract- 
ing gases from the liquid-propellant rocket 
engine. 

The first drop tests of the ShB-32 
missile were held in late 1952. Later on, 
the missile’s behavior during the launch 
and in free flight, as well as its staging and 
guidance command execution were stud- 
ied during the autonomous tests. 

In late 1953, the ShB-32 was fur- 
nished with all necessary equipment and 
readied for the closed control loop 
launches with the S-25 system. However, 
due to the changed priorities in the AD 
systems development, this trend has never 
been further explored. 





The ShB-32 designers were transferred 
from the Design Bureau #1 to the Fakel 
Engineering Design Bureau; the earlier 
manufactured ShB missiles were used to 
carry out a series of experiments under the 
supervision of Pyotr Grushin. The studies 
included the in-flight performance of the 
power-ratio changing mechanism that 
interfaced control surface deflection rates 
with airflow rates; the missile’s behavior 
with extra control surfaces arranged in a 
conventional configuration; the possibili- 
ties for adjusting the booster’s nozzle 
throat diameter. For studying the latter, a 
special device was used. 

In the course of tests, which lasted 
until April 1955, the ShB-32 was launched 
74 times. In about 20 of these launches, the 
missile was used as a “flying laboratory.” 
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+ Mapwessili dauzamenb paxempi LU/5-32 
Sustainer (ShB-32 missile) 


- Hocosaa yacmb paxemp! LUb-32 
Fore part (ShB-32 missile) 

- Cmapmosoiii dauzamens paxempt LU6-32 
Booster engine (ShB-32 missile) 


« Cmapmosaan cmynenb paxempi LW5-32 
Booster stage (ShB-32 missile) 
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Jletatowan na6opatopua KM 


KM flying laboratory 





cepequHe 1950-x rogos sce 6bonb- 
wee 3Ha4eHve CTanu npnobpetatb 
3aQa4n YBENMYeHMA faNbHOCTH, Bbi- 
COTbI MW CKOPOCTM NoNneTa 3eHUTHbIX 
ynpasnnembix paket. Cpean BapvaHTos pe- 
WeHMA 3TOK NpOONeMbI paspaboTHMKH ABU- 
raTeMbHbIX yCTaHOBOK NpegnoxKunn uc- 
NONb30BaTb PaKeTHO-NPAMOTOYHbIe MAK 
NPAMOTOYHbIE BOZAYWHO-peakTMBHble ABH- 
ratenu (BPM). K cepegune 1950-x ropos 
B MX CO3QaHuM Gbinu AOCTMrHyTbI ONpepe- 
N@HHbIe yCNexu MB Haweu CTpane, u 3a py- 
6exxom. Vccnegosanua no ucnonb30BaHHo 
ana 3YP psuratenbHbix ycraHoBoK Takoro 
Tuna 6bInw HayaTbI B MKB “@axken” B 1955 
rogy. Nepsyio paboty B 3Tom HanpaBneHun 
NpPeANpMATHE BbINONHANO COBMECTHO C 
OKB-670 M.M. Boxgapioxa. Ona 6bina cBa- 
3aHa C CO3faHMeM MW MCNbITaHMAMM 3KCNe- 
PUMeHTaNbHOH pakerTol KM. 
KM npegctasnana co6oi aByxctynex- 


YaTylO pakeTy, BbINOMHEHHYIO Ha OCHOBe 
paHee pa3pa6otaHHow B OKB-670 ue- 
ynpasnnemon paketbi “025”, Ha KoTOpON 
ycTaHOBMNM NepegHee KpecToobpa3Hoe 
onepeuve u OpraHb! ynpasBneHua. KM oc- 
HaljafaCb TBEPAOTONNMBHbIM CTapTOBbIM 
ycKopuTenem uv mapwesbim MBPL, paboras- 
wim Ha 6eH3uHe. B MKB “®aken” ana KM 
6binv CO3AaHbI CNeyManbHbIe ycTpoucTBa 
nporpammHoro ynpasneHua nonetom, cny- 
»*KMBUMe ANA OOecneyeHMA NONeTa pakeTbI 
no Tpaektopuam, 6nn3KuM K TeM, KOTOpbie 
XapaKTepHbI ANA 3CHMTHbIX paker. B AHBa- 
pe 1956 roga mogenb KM npowna nonHbii 
unkn npogysok B LIATW. C sect! 1956 ro- 
fla Ao oceHu 1957 roma Ha nonuroHe Kany- 
CTHH Ap 6bino BbinonHeHO 10 nyckosB KM, B 
npoyecce KOTOpbIxX NpofoMKaNMCb uccne- 
AoBaHuA paboTb!l NpAMOTOYHOrO ABMraTenA 
B WAPOKOM Avana30He BbICOT, CKOpOCTen u 
AevcTByouMx neperpy30K. 


n the mid-1950s, as air attack weapon- 

s were becoming more and more 

advanced, the increased range, flight 

altitude and speed of the AD missiles 
began to gain an_ ever-growing 
significance. Among various options of 
solving this problem, the engine designer- 
s suggested using ram rocket or ramjet 
engines. By the mid-1950s, considerable 
advance had been achieved in developing 
this type of engines, both in our country 
and abroad. 

In 1955, the Fakel Engineering Design 
Bureau began’ research on_ the 
implementation of such engines in AD 
missiles. The first project along these lines 
was carried out by the Fakel Bureau in 
cooperation with the M. Bondaryuk’s 
Experimental Design Bureau # 670 (OKB- 
670). The project involved developing and 
testing the KM experimental missile. 


The KM was a two-stage missile based 
on the OKB-670-developed 025 unguided 
missile that was fitted with a fore 
cruciform fin kit and controls. The KM fea- 
tured a solid-propellant launching booster 
and a ramjet sustainer that ran on 
gasoline. 

Special flight preprogram control 
devices intended for guiding missiles 
along flight paths typical to those of the 
AD missiles were designed at the Fakel 
Bureau specifically for the KM missile. 

In January 1956, the KM model was 
put through a complete set of wind-tunnel 
tests at the TsAGI Central Aerohydrody- 
namic Institute. From the spring of 1956 
to the autumn of 1957, the KM was 
launched 10 times at the Kapustin Yar test 
range. The launches made it possible to 
study the ramjet performance in a wide 
range of altitudes, speeds and g-loads. 
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Cuctema “Tpoc” ana 6opb6bi c ManoBbICcoTHbIMM WenAMM 





Tros system against low-altitude targets 


KOHUe 1960-x rogos B MKB “®aken” 

6bina npoBegeHa uccnegoBaTenbcKaa 

pa6ota no u3y4¥eHHO BO3MOKHOCTH 

CO3QaHMA CUCTeMbI HeynpaBnAemoro 
pakeTHoro opykua ana Gopb6bi c Hu3KONe- 
TAUMMM BOSAYWHbIMM LeENAMM. 

KOHCTpyKTMBHO CUCTema, NonyynBwiaa 
Ha3BaHve “Tpoc”, fomKHa Obina npe”ctas- 
natb CO6OM Ha3emMHbIN GnOK HeynpaBnae- 
MbIX @BMaWMOHHbIX paket C-5M, KoTOpbie 
nO KOMaHfe BEPTHKAaNbHO BLICTpenuBanuce 
VW NOAHMMaNy Ha BbICOTY HECKONbKMX COTeH 
MeTPOB NMpMKpenneHHbid K HMM TDOC. 
Npegnonaranoct, 4To cozfaBaemoe nogob- 
HbIM O6pa30M KpaTKOBpemMeHHOe 3arpax- 
feHue MOrNO OKa3aTbCA AOCTATOYHO 3- 
cbekTuBHbim B Gopb6e c camonetamn, Co- 
BepWalOLMMM NONeT Ha MaNOM BbICOTe. 
B npoyecce wcnbitaHui cucTembI 

“Tpoc” 6bino npoBegeHo HECKONbKO Cepuii 
nyckos paket C-5M. 





n the late 1960s, the Fakel Engineering 

Design Bureau studied the possibility 

of creating unguided missiles that 

could engage low-flying targets. 
Structurally, the Tros code-named system 
was supposed to be a land-based unit of 
S-5M unguided antiaircraft missiles that 
were vertically fired on command, raising 
cables attached to them to an altitude of 
several hundred meters. It was believed 
that this short-term obstacle would be 
quite efficient for fighting low-flying 
aircraft. 

Several series of the S-5M missile 
launches were made within the framework 
of the Tros system testing. 
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Tunep3BykoBaa NeTatowjan nabopatopua “Xonoy” 





1980-90-x rogax MKB “Maken” npu- 

HANO yYacTHe B CO3QaHMM UM UCNbITa- 

HMAX NeTa‘oWen nabopatopun “Xo- 

nog” c 3KCNepMMeHTaNbHbIM runep- 
3BYKOBbIM NPAMOTOYHbIM BO3AYWHO-peak- 
TMBHbIM ABMraTenem (TTBPA). 

OcHOBHbIM 3NeMeHTOM NeTaloUle Na- 
6opatopun “Xonoq” aBnanca co3qaHHbli 
LMAM ocecummertpuynbid TNBPA 58/1, yc- 
TaHOBNeHHbIN B HOCOBOM YaCTM 3eHMTHON 
ynpasnnemon pakerbi 5B28. fina ucnonb- 
30BaHMA B Ka4eCTBe rMnep3ByKOBON NeTa- 
toueh nabopatopun (MMV) paxeta 5B28 
6bina MogfepHu3MpoBaHa — BmecTo ICH uv 
60eB0i YacTu B ee HOCOBON YacTH GbIN yc- 
TaHosnex ITBPf, Gak c *KuAKKM BOsOpO- 


OM, arperatbi CMCTeMbI NOAAyW KHAKOFO 
Bogoposa K ABMraTeni, Wap-GannoHbl BbI- 
COKOrO faBNeHMA C TEXHONOFMYeCKMMM Fa- 
3amMu, CMCTeMa M3MePeHUH C paguoTeneme- 
TPMYeCcKOH CTaHuMeu MW aBTONMNOT. 

B revenue 1991-1998 rogos MIN “Xo- 
nog” vu “Xonog-2” BbinonHunM naATb none- 
TOB, BO BPeMA KOTOPbIX NpOMZBOAMNOCE 
HEOAHOKPaTHoe BKnIOYeHHe ITIBPI, 4To 
NO3BONMNO NONyYMTb AOCTOBepHbie AaH- 
Hble NO NapameTpam ero paboyero npouec- 
Ca, TeNNnOBOrO COCTOAHMA KOHCTPyKuMH, 
oco6eHHocTew cosmectHow paboTbi 3ne- 
M@HTOB HM CHCTeM. 


, REPS, 


a SEG (RE RTS) | 


Kholod hypersonic flying laboratory 
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n the 1980-90s, the Fakel Engineering 

Design Bureau took part in designing 

and testing the Kholod flying laborato- 

ry with an experimental scramjet 
engine. 

The main element of the Kholod flying 
lab was a 58L axisymmetric scramjet 
engine designed by Central Institute of 
Aviation Motors (TsIAM). The engine was 
fixed in the fore part of the 5V28 AD 
guided missile. The 5V28 missile was mod- 
ified to be used as a hypersonic flying lab: 
a scramjet engine, a liquid hydrogen pro- 
pellant tank, units feeding liquid hydrogen 
to the engine, high-pressure spherical bot- 
tles with process gases, an instrumenta- 





tion system with a radio telemetry station 
and a gyropilot were installed in the fore 
part of the missile instead of a homing 
head and a warhead. 

In 1991-1998, the Kholod and Kholod-2 
hypersonic flying laboratories made five 
test flights during which the scramjet was 
activated several times. This allowed 
obtaining reliable data on the engine per- 
formance parameters, thermal condition of 
the entire experimental unit, as well as 
specifics of its components’ and systems’ 
joint performance. 
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nep3syKosan nemawiwas nabopamopua “Xonod” (sapuaxm 1) 
Kholod hypersonic flying laboratory (Version 1) 


4 IKCNEPMMeHTaNbHbIe PakeTbI HM NPOeKTHI Experimental Missiles and Projects EE) 


TakTuy4eckne VM ONepaTMBHO-TaKTU4eCKHE PakeTbi 


Tactical and Theater missiles 





cepequxe 1960-x roqos 8 MKB “®a- 
Ken” 6binv paspa6oTaHb! ABa NpoekTa 
TakTMYeCKMx GaNnNUMCTM4eCKUX paket, 
npepvasHayaBwuxcA ANA MCNONb30- 
BaHMA B COCTaBe TaKTMYeCKMX KOMMNEKCOB 
“Sictpe6” wu “Touka”. 3a OCHOBy ANA 3THX 
paker 6bina npuHata paketa 4K60, KoTOpaa 
CO3fjaBanacb B TO BpeMA AA NPHMeHEHUA 
ee B CocTase yHuBepcanbHoro KOpabenbHO- 
ro Komnnekca M-11. 3To no3BonMNO Npep- 
NOMKUTb MOCTATOYHO NepCcneKTMBHY!O KOHCT- 
PYKUMIO OAHOCTyNeHYaTON TaKTM4eCKOK 
6annuctuyeckow pakeTbl, OCHaleHHON 
TBEPAOTONAMBHbIM pakeTHbIM ABMTaTeNeM. 
Pag TEXHUYeCKMX PEWEHMH, NPMHATHIX 
B npouecce paboTb! Hag 3THMM NPOeKTaMH, 
6bIN B AAaNbHEMWEeM peanu3z0BaH NpH CO3Aa- 
HMM B Hawei CTpaHe Apyrux TakTM4eCKUXx 
6annuctMyecknx paket. 


B 1963 rony 8 MKB “®aken” 6bin pa3- 
pa6otaH MmpoeKT TakTM4eCKOH pakeTbl 
B-612 ana BoucKoBoro Komnnekca “ScT- 
pe6”, npegHa3Ha4eHHoro ANA NopakeHuA 
Manopa3MepHbIx Ha3eMHbIX YeNen Ha alb- 
HocTAX OT 8 0 35 KM. 

B 1965 rogy 8 MKB “@aken” 6bin pa3- 
pa6otaH mpoekT TakTM4YeCKOW pakeTbl 
B-614 ana BoucKoBOro KoMnneKca “TouKa”, 
npeAta3shayeHHOro ANA NOpayKeHMA MaNo- 
Pa3MepHbIxX Ha3eMHbIX ene Ha AaNbHOC- 
Tax oT 80 70 KM. PakeTy npegnonaranocb 
OCHACTMTb MHEplManbHOK CHCTeMOu yn- 
Ppasnenua C GoOpToBbiM BbINMCNMTeENbHbIM 
yCTPOCTBOM MH MOUWHOK GoeBO! YacTbWO. 

{na TpaHcnopTmposKku paket npepno- 
flaranoCb UCNONb30BaTb NNaBaloune CamOo- 
XOMHbIe yCTaHOBKM C KONECHbIMM WaCCH 
BbICOKOM NPOxoAMMOCTH. 


n the mid-1960s, the Fakel Engineering 

Design Bureau developed two projects 

of theater ballistic missiles intended 

for use with the Yastreb and Tochka 
tactical missile systems. These missiles 
were developed on the basis of the 4K60 
missile being designed at that time for use 
with the M-11 versatile shipborne missile 
system. This enabled the designers to offer 
a rather promising design of a single-stage 
tactical ballistic missile fitted with a solid- 
propellant rocket engine. 

A number of engineering solutions 
adopted in the course of work on these 
projects were later implemented in other 
tactical ballistic missiles designed in our 
country. 

In 1963, the Fakel Engineering Design 
Bureau elaborated the V-612 tactical 


missile for the Yastreb system intended to 
engage pin-point ground targets at a 
distance of 8 to 35 km. 

In 1965, the Fakel Engineering Design 
Bureau elaborated the V-614 tactical 
missile for the Tochka system intended to 
engage pin-point ground targets at a 
distance of 8 to 70 km. The missile was 
supposed to be fitted with an inertial 
guidance system with an onboard 
computer and a powerful warhead. 

To transport the missiles, it was 
planned to employ amphibious self- 
propelled carriers on cross-country 
wheeled chassis. 
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flyckosaa ycmaHosKa makmuyecKoeo pakemHoeo Komnnexca “Acmpe6” (npoexm) 
Launcher of Yastreb tactical missile system (project) 
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Nyckosas ycmaHoaKa makmuyeckozo paxemHozo Komnnexca “Towxa” (npoexm) 
Launcher of Tochka tactical missile system (project) 








oe Paketbi “Makena” Fakel’s Missiles ee 


3eHUTHbIe yNpaBsAemMbIe pakeTbI 
HOBOrO NOKONeHHA 








New Generation 
of Air Defense 
Guided Missiles 








204 





HT@HCMBHOe pa3zBuTHe MW COBepweH- 
CTBOBaHMe CpeACTB BO3AYWHOFO Ha- 
nagenua, NOBbIWeHMe UX KaYeCTBeH- 
HbIX M KONMYECTBEHHbIX NOKaZaTe- 

nei, W3MEHEHMA B CTpaTerMu M TaKTUKe UX 

6oes0ro npumeHeHuA B NOCHeEAHMe feCA- 

TMNETMA 3HAYMTENbHO YCNOKHMNM 3aQa4n, 

cToaujme nepeg cpeactsamu IIBO. Axanu3 

pe3ynbTaTOB HEAaBHMX BOCHHbIX KOHGMK- 

TOB MW 60eBbIX CTONKHOBeEHUM CpeACTB BO3- 

AywWHoro Hanagexua uw cpencts IIBO yxe 

npwsen K TOMY, 4TO B page nepeposbix B 

BO@HHO-TEXHUYECKOM OTHOWEHMM CTpaH 

NPMHUMNbI NOCTPOeHMA NeEpCNeKTMBHbIX 

cpegcts MBO u pa3pa6orKu ana Hux 3eHUT- 

HbIX paKeTHbIX CpeACTB Haan paccmaTpH- 

BaTb C HOBbIX NO3MMMi. 

B HacTonuwjee Bpema O6nuK nepcnek- 
TMBHbIX Cpegcts [IBO w BxopAuMx B MX CO- 
CTaB 3EHUTHBIX ynpaBaAembIx pakeT (3YP) 
copmupyertca, ucxofa, npexkge Bcero, u3 
OWeHOK NepcnektuB AaNbHeMwWero pa3zBu- 
THA CpeACcTB BO3AyWHOrO HanageHua. Vme- 
touaACA B HaCTOAUee BPeMA CTAaTUCTHKA, 
Kak NO CyuecTByOWMM, Tak MNO Nepcnek- 
TMBHbIM MMNOTMPYeMbIM ABMAWMOHHbIM 
Cpeactsam, CBUfeTeNbCTByeT O TOM, 4TO B 
6nvxkahwue 10-15 net kKpaiHe manosBepo- 
ATHbI KaKKe-NN60 PeBONIOWMOHHbIE U3Me- 
HEHUA B XapakTePMCTMKAaX ABMALMOHHbIX 
cpegctB BO3AywHOrO HanapeHua. OcHoB- 
HOW BEKTOP MX pazBuTHA OypeT HanpaBneHn, 
npexge scero, B CTOpOHy MOfepHu3ayNMn 
yKe CYUeCTBYIOWMx CaMONeTOB HM BEpTONe- 
TOB: AanbHeMwWero yMeHbWEHMA UX 3MeK- 
TMBHOH nnouwagn pacceuBaHua (JIIP) u pa- 
AMo3zametHoctw (TexHonorun “Crenc”), 
YBENMYEHMA MAHEBPEHHbIX CBOMCTB M CHU- 
KEHMA YASBMMOCTH (6pOHMpoBaHue KaOuH 


NETYMKOB, TONNMBHBIX HakoB, CucTeM yn- 
pasneuma u T.n.). Hanbonbwui xe npo- 
rpeCc B pa3BUTMM CpeACTB BO3AYWHOFO Ha- 
nagexua 8 Gnwkaiwue rogb 6GypeT cBaA3aH 
C BbICOKOTOYHbIM OpyKuem (BTO), TakTH4e- 
ckuMM GanAMCTM4eCKMMM pakeTaMn MW WM- 
Ppokum pacnpoctpaHexHvem GecnunoTHbIx 
neTaTenbHbIx annaparos. 

CrpemutenbHbii npopbis B page TexHH- 
4eckux O6nacTeu, v npexge BCcero — B MU- 
KPO3NEKTPOHMKe, B NOCHeAHMe ropbi noO3- 
BONMN CO3faTb OOpazub! OpykuA, KOTOPOe 
MOXKKHO 3anyCKaTb C HOCMTeNei, HaxOgA- 








3PC C-300/MY-2 “Pasopum” 
S-300PMU-2 Favorit AD missile system 
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he intensive development and mod- 
ernization of air attack means, 
improvement of their qualitative and 
quantitative parameters, changes in 
the strategy and tactics of their combat 
employment during the last decades have 
considerably complicated the present 
tasks of the Air Defense. The analysis of 
the recent armed conflicts and results of 
combat use of the AD systems against air 
attack means have already given impetus 
for working out new approaches towards 
developing the perspective AD systems 
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with corresponding AD missiles in a num- 
ber of militarily and technologically 
advanced countries. 

Currently, the configuration of the pro- 
posed AD systems and their structural com- 
ponent, the AD guided missiles, is mainly 
estimated with regard to the further devel- 
opment of air attack means. According to 
the available statistics concerning both 
the existing and perspective manned air 
means, the revolutionary changes in the 
characteristics of air attack means are 
scarcely probable in the 10-15 years to 
come. Development of the air attack means 
will mainly be aimed at upgrading the 
already existing aircraft and helicopters, 
i.e. at further decrease of effective area of 
dispersion and radio detectability (stealth 
technology), improvement of maneuvering 
capabilities and vulnerability reduction 
(armoring of cockpits, fuel tanks, control 
systems, etc.). However, the coming years 
will feature the biggest progress in the 
development of high-precision weapons, 
tactical ballistic missiles, as well as wide 
use of unmanned air vehicles. 

Breakthroughs of the recent years in a 
number of engineering areas, and particu- 
larly in microelectronics, have allowed 
designing and developing weapons that 
can be launched from carriers located 
beyond the range of the existing AD mis- 
sile systems. These breakthroughs have 
primarily resulted in the wide employment 
of high-precision weapons used for strik- 
ing at the most important targets: control 
and communications centers, ground AD 
facilities, nuclear and hydroelectric power 
stations, airports, railway bridges, etc., as 





uwMxCA BHE NMpefmenosw 30H AOCArTaemocTH 
AA CYULECTBYIOWIMX 3EHUTHbIX PaKeTHbIX 
KomnneKcoB. OAHMM M3 MaBHbIx pe3ynbTa- 
ToB 3TOrO MpopbiBa cTano wupoKoe ucC- 
nonb30BaHve B NOcnepHMe rogbl cpepctB 
BTO ana HaHeCeHMA MMM yfapos no Han6o- 
nee BaxKHBIM WeENAM — NYHKTaM ynpaBne- 
HUA, CBA3M, Ha3@MHbIM CpegctBam [1BO, 
aTOMHbIM M FMApO3NeKTpOCTaHuMAM, azpo- 
fIpOMaM, XKENE3HOMOPOMKHbIM MOCTaM M 
T.M., a TaKKE AIA YHAYTOKEHMA 3KOHOMM- 
4YeCKOK MW BOEHHOUM MHpactpyKTypbi npo- 
TMBHMKa B XOfe NONHOMacwTAabHbIx 6oe- 
BbIx fevctBui. A notomy G6onbwuHcTBO 
cneuyManuctos, M3y4alOulMx CerogHA pe- 
3yNbTaTbl MCNONb3OBaHMA B GoeBON ObcTa- 
HoBKe cpegcrs BTO, Kak npaBuno, eAMHO B 
CBOMX BbIBOAAX: B OAMKaNWMe rogbl Han- 
6onee COCTOATeENbHOK chopmynow nobepbi B 
6ONbWUHCTBE BOEHHbIX KOHAUKTOB AONK- 
HO CTaTb co4¥eTaHve “BTO nnwc uHdopma- 
UMOHHOe O6ecneyeHne”. B cBow oY¥epesb, 
He NOANEKUT COMHEHMK, 4TO B OnW Kaine 
rofbl HaM6onbwWuMH Nporpecc B ObNacTu Co- 
BepweHcTBOBaHmA Cpepcts [BO pomxKeH 
ObITb CBA3AH C yBENMYeHHeM 3cdekTnBHO- 
CTW MX AevicTBUMA NpoTuB BIO. 

{\pyrow, He MeHee akTyanbHOW 3aga- 
4en Ana co3gatenei cpegcts MBO Ha 6nn- 
KanwWMe roAbl OCTaHeTCA npobnema obec- 
neyeHua acdektuBHon Gopb6bi c taktTuye- 
CKuMu bannuctuyeckumy paketamn (TBP) 
W OnepaTMBHO-TakTMYecKuMn BannucTu4e- 
ckumn paketamu (OTBP). 

Ha cboue 3Tux TeHAeHUMH BeReTCA NOp- 
rOTOBKa K CMeHe NoKONeHMA 3YP bonbwoK 
VM CPeAHen AaNbHOCTH, KOTOPbIM NpeACTOUT 
CbIfpaTb 3HAYMTeENbHY!O PONb B OypyuyNx BO- 
@HHbIX KOHAUKTaX. PakeTbI 3TOrO KNacca 
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flyckosaa ycmaxoexa 3PC C-300/MY-2 c paxemamu 48H6E2 
S-300PMU-2 AD missile system launcher with 48N6E2 missiles 


AOMKHbI CTaTb yHuBepCcanbHbIMM, Cnocob- 
HbIMM 3@eKTMBHO NOpakKaTb Kak BCE BUAbI 
nunotupyembix 4 GecnunoTHbIX aBMalyMoH- 
HbIX CpepcTs, Tak w GannucTuyeckue pake- 
Tb W paznu4Hbie Bugbl BTO, HecMoTpA Ha 
vmMelouMeCaA MEKAY STMMM YeENAMM CyUeCT- 
BeHHbie pasnuuua. Hanpumep, ana addek- 
THBHOrO NopaKeHuA GannucTMyeckux pa- 
KeT Tpe6yioTca BbICOKOCKOpOCTHbie 3YP, 





well as for destruction of the enemy eco- 
nomic and military infrastructure during 
large-scale combat operations. Thus, the 
majority of experts currently studying the 
results of high-precision weapons employ- 
ment in combat conditions share a single 
conclusion: in the nearest future, the most 
effective victory formula for the majority 
of military conflicts should feature the 


“high-precision weapons plus data sup- 
port” combination. There is also no doubt 
that in the coming years the greatest 
progress in upgrading the AD weapons 
should be directly connected with 
their increased efficiency against high- 
precision weapons. 

Another important issue for the AD 
weapons designers for the coming years is 
ensuring effective countermeasures against 
tactical and theater ballistic missiles. 

These trends constitute the back- 
ground for the change of the current gen- 
eration of long- and medium-range AD 
missiles that will play significant role in 
the future military conflicts. Such missiles 
should be versatile, capable of effectively 
engaging all types of manned and 
unmanned air vehicles as well as ballistic 
missiles and different types of high- 
precision weapons, despite significant dis- 
tinctions between those targets. For 
instance, the effective destruction of bal- 
listic missiles requires high-speed AD mis- 
siles featuring an average flight speed of 
up to several km/s and providing target 
interception and destruction at safe alti- 
tudes and distances from the protected 
installation. These are exactly the quali- 
ties of the 48N6E2 long-range missile 
designed in the Fakel Engineering Design 
Bureau for the S-300PMU2 Favorit missile 
system. During the tests carried out in 
August 1995, this quided missile repeated- 
ly engaged the SCUD-type ballistic mis- 
siles’ warheads on their trajectory. 

Simultaneously, the demands for 
performance characteristics of the AD 
missiles intended for engaging relatively 
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UMelOWMe CpeAHiOl CKOPOCTb NoneTa AO 
HECKONbKMX KM/CeK MW ObecneuMBaloWne B 
nmpoyecce nepexsata yHMYTOKeHMe Wen 
Kak neTaTenbHOrO annapata — Ha 6e30nac- 
HbIX fia OGOpOHAeMOrO OObeKTa paccToR- 
HWAX MW BbICOTaX. AMeHHO TaKUMM Ka4eCT- 
BaMM, Hanpumep, OOnapaeT paketa Gonb- 
wow fanbHocTu 48H6E2, paspabotaHHaa B 
MKB “®aken” pana 3PC C-300NMY-2 “Maso- 
put”. B npouecce ucnbitaHui aston 3YP, 
NpoOBegeHHbIx B aBrycte 1995 roga, 6bin 
HEOAHOKPaTHO MPOAeMOHCTPUpoBaH NoOZ- 
pbiB Ha TpaekTOpMu GoeBoro CHapAKeHUA 
6annuctuyeckux paket Tuna “Ckay”. 

Hapagy C 37MM, ypoBeHb TpeboBaHni K 
3YP, Heo6xogumbIx ANA NOpaxKeHMA OTHO- 
CUTENbHO HU3ZKOBbICOTHbIX M MasOCKOpOCT- 
HbIX cCpeacts BTO, no cpegHei ckopoctu 
noneta MOET ObITb 3HAYMTENBHO CHMKEH. 
Oguako 8 3T0M Cnyyae Ha NepBbiii nnaH BbI- 
XOAMT pag Apyrux TpeboBaHnid. 

U3BectHo, 4T0 G6optroBpan annapatypa 
nepcnektuBHbix cpegcts BIO, co3pasae- 
MafA Ha 6a3€ COBPeMeHHbIX AOCTM)KEHKIA 
3NEKTPOHMKM, MAHMMM3MPOBaHa NO CBOMM 
Macco-ra6apuTHbIM XapakTepucTMKaM AO 
npefenbHO Manoro ypoBHA Mu 3aHMMaeT 
CPpaBHUTeNbHO HeEOonbwol O6bem B KOpny- 
ce opyxua. Macca «xe uw ra6apuTHble xa- 
paktepuctuKw cpegacts BTO B OCHOBHOM 
onpegenatotca ux 6oeBbiIm CHapAyKeHneM U 
ABMraTenbHOW ycTaHOBKONM. ITO oObcTOA- 
TenbcTBO, OCObeHHO npn GonbwMx CKOpO- 
ctax cOnmKeHna 3YP c yenbio un Gonbwux 
oww6kax HaBefeHMA, 3aTPyAHAeT YHUYTO- 
m*eHNe BHoeBoro CHapAwKeHuA BIO, no- 
cKONbKy Tpe6yeT Hanu4uA Ana 3YP coorT- 
BeTCTByiOWero MHOpmMayMoHHOrO oObec- 
neyeHua. Kpome toro, 3YP gomkuHa o6na- 


low-altitude and low-speed high-precision 
weapons may be considerably reduced in 
regard to the missiles’ average flight 
speed. In this case, however, a number of 
other demands for their characteristics 
become more important. 

It is common knowledge that onboard 
equipment of the perspective high- 
precision weapons developed on the basis 
of modern achievements in electronic 
engineering is minimized in weight and 
dimensions to the minimum possible level 
to occupy a rather small space inside the 
weapon’s body. But the weight and dimen- 
sions of high-precision weapons are basi- 
cally determined by their payload and 
propulsion system. This fact, especially in 
the conditions of an AD missile’s high 
closing speed and serious guidance errors, 
impedes the destruction of high-precision 
weapons’ payload, as it requires adequate 
data support for the AD missiles. Besides, 
an AD missile should be capable of inten- 
sive maneuvering in the target intercep- 
tion area and be fitted with a “smart” pay- 
load, which can produce an optimum frag- 
ment spread zone for engaging a particu- 
lar target. 

Currently, the rational consideration 
of these issues has become the basis for 
developing the medium-range AD missiles 
of new generation and for employing a 
large number of key technologies in the 
missile design. In particular, the foreign 
designers of similar AD missiles focus pri- 
marily on ensuring the direct hit of the 
target by a missile (or by its separating 
interception stages) for maximum use of 
the kinetic energy of impact for the target 





Nyckosan ycmaxoexa 3PC “Tpuym” 
Triumph AD missile system launcher 
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flaTb CNOCOOHOCTbWO K BbINONHEHUIO MHTEH- 
CMVBHbIX MaHEBPOB B 30HE NepexBarta enn, 
a ee 60eB0e CHapAKeHMe AOMKHO OGbITb 
“WHTEMNEKTYA/IbHbIM’, TO ECTb CNOCOGHbIM 
CCOPMUPOBaTb ONTMMaNbHOe ANA KOHKpeT- 
HbIX YCNOBUM NepexBaTa none OCKONKOB, 
nopaKalOuMx Wenb. 

CeroquA palMoHanbHbii yyeT 3TUX OCO- 
6eHHOCTeEM NONOMKEH B OCHOBY BbINONHEHMA 
pa3pa6oTok 3YP cpegHei AanbHOcTH HOBO- 
rO NOKONEHMA MW Peann3auMn B UX KOHCT- 
pyKuMM YeNnoro pAga KNOYeBbIX TeXHONO- 
ru. B YacTHocTu, 3a py6exom co3gaTenu 
nogo6Helx 3YP opwextupyiotca, npexpze 
gcero, Ha O6ecneyeHue npaAMoro nonaga- 
HUA pakeT (UNM OTAENAEMbIX OT HUX CTyNe- 
Hei NepexBaTa) B UeNb C Tem, YTOObI MaKCu- 
Ma/IbHO MCNONb30BaTb AIA Ce YHAYTOKEHMA 
KMHeETHYeCKyIO 3HEprMio CoygapeHna. Op- 
HOBPeMeHHO ANA yBenuyeHuA acddexktus- 
HOCTM WeUCTBUA NepcneKTuBHble 3YP ocHa- 
WaloTcCA TakKKe GoeBbiM 3apAAOM, HO ero 
MaCCa WM Pa3Mepbl CYLIECTBEHHO meHbUwEe, 
4yem 6oeBble 3apAgbl, yCTaHaBnuBasBwueca 
Ha 3YP npegbigyujero nokoneHua. 

Cneayert OTMeTHTb U TO, 4TO ANA 3YP HO- 
BOrO MOKONEHMA XapaKTepeH nepexog OT 
NONYaKTMBHOFO pagMonoKayMOHHOrO Camo- 
HaBegeHMA K KOMOMHMpOBaHHoOMy cnocoby 
ynpasnenua, CoveTawujemMy VHEPLManbHoe 
HaBemeHve C pagnokoppeKunei (Ha Ha- 
4abHOM MW Cpeqhem yyacTKax TpaeKkTopun) 
YW AKTMBHOe pasMONnOKauMOHHOe CaMOHaBe- 
AeHve B 6onee KOpoTKoM, 4em paHee, ANa- 
Na30He BONH (Ha KOHEYHOM y4acTKe Tpaek- 
TOpun). Nogobxeii nepexog no3sonset, 
BO-NEPBbIX, YBENUYMTb YUCNO OAHOBpeMeH- 
HO OOcTpenusaembix Wenei, NOCKONDbKY OT- 
Nagaet HeEOOxoAMMOCTb B HENpepbiBHO 


destruction. Simultaneously, to increase 
the efficiency, the perspective AD missiles 
are also equipped with combat payload, 
but it is lighter and smaller than that of 
the previous-generation AD missiles. 

It is also necessary to mention that 
the new-generation AD missiles feature 
the transition from semiactive radar hom- 
ing to the combined control incorporating 
the inertial guidance with radio-correc- 
tion (at the initial and middle legs of the 
trajectory), and active radar homing with- 
in shorter than previously waveband (at 
the final leg). This transition allows, first- 
ly, increasing the number of simultaneous- 
ly engaged targets as there is no necessity 
for continuous transmission of guidance 
commands or target illumination till the 
moment of interception, and secondly, 
increasing the homing accuracy by using 
shorter waveband simultaneously with 
reducing the antenna diameter of the 
homing head. 

During the interception when an AD 
missile is approaching a target at a high 
speed (up to 3-4 km/s), the time of high- 
precision guidance is usually limited to 
several seconds. It sets special require- 
ments to the response time of the onboard 
equipment and the AD missile maneuver- 
ability. In this connection, the employ- 
ment of combined modes of generating 
control forces and moments that incorpo- 
rate aerodynamic and gas dynamic modes 
becomes increasingly typical for the new 
generation of AD missiles. For this, the 
missiles are fitted with special propulsion 
systems of control in roll. Employment of 
such systems at the final stage of homing 
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nepegaye KOMaHA ynpaBneHua MAK Noz- 
cBeTa Wen AO MOMeHTa NepexBata, a BO- 
BTOPbIX, ACNONb3OBaHHe GHonee KOpoOTKOrO 
f\Mana30Ha BONH Np OAHOBpeMeHHOM CHH- 
)KEHUM AMaMeTpa aHTeHHb! [CH no3BonAeT 
YBENUYMTb TOYHOCTb CaMOHAaBeAeHMA. 

Mpu nepexsate Ha 6onbuiMx CKOpOCTAX 
c6nwKenuan 3YP c yenbio (f0 3-4 Km/ceK) 
BPEMA [IA BbICOKOTOYHOFO HaBepAeHMA, KaK 
npasuno, OrpaHw4unBaetcA HeCKONbKMMU 
cekyHfamn. ITO Npegasnnet ocobbie Tpe- 
6osanua K 6bicTpogeictBuio Goptoson an- 
Napatypbi m MaHeBpeHHoctTu 3YP. B cea3uv C 
Tum, ana 3YP HoBoro nokoneHua Bce 60- 
nee xapakTepHbim CTaHOBUTCA NPMMeHeHHe 
KOMOMHMpOBAaHHbIX CnocoboB co3qaHua 
ynpaBnniouwMx CHn WM MOMeHTOB, KOTOpbIe 
coyetaioT B ceGe aapoquHamuyeckue M fa- 
30AMHamuyecKue cnocobbl. C 3ToH UenbiO 
Ha pakeTax yCTaHaBnuBaWwTcA Cne\nanb- 
HbIe ABMraTeNbHble YCTAHOBKM NonepeyHo- 
ro ynpasneuma. Vx ucnonb3oBaHMe Ana yn- 
paBneHua Ha 3aBepWaloWjenW case CaMOHa- 
Be/eEHUA NOZBONACT YMEHbLIMTb BPEMA pe- 
akyuu 3YP B 10-15 pa3 uw nonyyntb 6onee 
BbICOKY!O TONHOCTb CaMOHaBefeHuA. 

[ipyrum nepcnektweHbim HanpaBneHn- 
em noBblweHua acddektusHocTn 3YP aBna- 
eTCA CO3faHMe ANA HUX MHOpMalMOHHO 
oGecneyeHHoro ynpasnnemoro 6oesoro 
CHapAKeHMA, OPMEHTMPOBAHHO!O Ha NOpa- 
KeHMe ene “OCTaHaBnuBalouMM” pelicT- 
Buem (pa3pyWeHvem KOHCTpykumn) — np 
nepexBate nunoTupyembix Yenei, MW Ha NO- 
paxeHve (HeitTpann3aynio) Goesoh Ha- 
rpy3kv — np nepexsate GecnunoTHbIx Ue- 
new, 8 TOM 4ucne BP uw BTO. Ynpasnenue 
6oesbim CHapsyKeHvem 3YP npu 3TOM Ocy- 
WeCTBNAeTCA AONNepOBCKMM pafMoB3pbi- 


BaTeneM, UCNONb3YIOWMM ANA agantaynn K 
yCNOBMAM BCTpeYM C YeNbIO BCI MMeWLy- 
1oca Ha GopTy pakeTbl MHopmaumw (THN UM 
pa3mep wen, BENMYKHAa OTHOCMTeENbHOM 
CKOPOCTH, yrnbl BCTPe4M pakeTb! C WeNbIO, 
cha3a npomaxa MW OpvMeHTauMA PakeTbI u ee 
6oeBoro CHapAXKeHMA OTHOCMTENbHO Yen 
B MOMeHT Nponeta). JlononHMTeNnbHO MO- 
eT GbITb UCNONb3OBaHa MW MH*OpMayMA O 
BeNM4nHe NpoMaxa, BbIZaBaeMaA CaMMM 
paquos3pbisaTenem. 

HanpasneHHbiid BbiIGpoc nopaKalounx 
3NEMEHTOB OCYLIECTBNAETCA YNPaBNAeMbIM 
OCKONOYHO-chyracHbim GoeBbim CHapAKe- 
HMeM, OCHALeHHbIM CMCTeMOW MHOFOTO- 
yYe4YHOrO WHMUMMpOBaHMA, KOTOpaA — NO 
KOMaHfe PagnoB3pbiBatena Ha CpabarbiBa- 
He — B ynpaBnnemom pexkume (np Hann- 
4uu MHOpMauuu O cae NpoMaxa), BbI3bI- 
BaeT efO MHUUMMpOBaHHe B COOTBETCTBYW- 
ujux Tpe6yemomy HanpaBneHulo TOYKAX 
noppbisa, o6becneynsan nepepacnpepene- 
Hue JHEP B3pbiBa M MeTAHMe OCHOBHOK 
YaCTM OCKONOYHOFO NONA C NOBbIWeHHOH 
CKOpOCTbW B CTOpoHy Yen. B TO Ke BpemA, 
Np OTCyTCTBUM HeEObxoA_uMOH MHopMa- 
uu Oo tbaze Npomaxa, pakeTou monKeT ObiTb 
peanv30BaH YeHTpanbHbIM nogpbis 6oeB0- 
TO CHapAXKEHMA C CAMMETPUYHbIM pazeTOM 
ockonkos. Takum O6pa30m, Co¥eTaHve pa- 
UMOHANbHbIX aNTOPMTMOB HaBefeHHA, 
NO3BONAIOWIMX AOCTMYb NOBbIWEHHOH TOY- 
HOCTM HaBegeHna, C O6eCneyeHMeM BbICO- 
KOM BEPOATHOCTM HaKPbITMA OCKONOYHbIM 
nonem 3YP 60esoro cHapaykeHua BIO u 
6annuctuyeckux Yene AaeT HanBbicwee 
Ka4eCTBO MX NOpakKeHMA — YHUYTOKEeHNE 
6o0eBoro CHapAKeHMA YeNM HENOCcpesct- 
BeHHO B MOMEHT NepexBaTa, 3a CY4eT ero 














Ucneimamenbuoili cmexd Gan 3YP 9M96GE 
Test bench for 9M96E missile 


allows reducing the AD missiles’ response 
by 10-15 times and reaching higher hom- 
ing accuracy. 

Another perspective direction of 
increasing the AD missiles’ efficiency is 
development of software controlled pay- 
load for destroying the targets by “stop- 
ping” action (destructive effect on con- 
struction) when intercepting the manned 
targets, and for payload destruction (neu- 
tralization) when intercepting the 
unmanned targets, including the ballistic 
missiles and high-precision weapons. The 


AD missiles’ payload is controlled by the 
radar Doppler-operated fuze that uses all 
onboard information (target’s type and 
dimensions, relative speed values, angles 
of missile collision course, misfire phase, 
and orientation of the missile and its pay- 
load towards the target at the bypass 
moment) for adjustment to meeting the 
target. Besides, the interception error 
information generated by the radar fuze 
may also be used. 

Directed ejection of the killing ele- 
ments is exercised by the guided HE frag- 
mentation warhead fitted with a multipoint 
initiation system. Upon the radio fuze com- 
mand in guidance mode (in case misfire 
phase information is available), the system 
initiates the fuze in the explosion points 
depending on the required direction, which 
provides redistribution of the explosion 
power and directs main part of the frag- 
mentation field with increased speed 
towards the target. At the same time, when 
the necessary misfire phase information is 
not available, the central initiation of the 
payload with symmetrical separation of 
fragments can take place. Thus, the combi- 
nation of rational guidance algorithms 
allows the designers to achieve enhanced 
guidance accuracy with high probability of 
engaging the high-precision weapon's pay- 
load as well as the ballistic targets with AD 
missile’s fragmentation field. It brings 
about the highest kill quality with the tar- 
get’s payload engaged at the interception 
moment, by its detonation or by explosive 
demolition. 

Most of these technologies have been 
used in the medium-range 9M96E and 
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AeTOHAuMM MnM B3pbIBHOrO pa3spyweHuA. 

Bonbwan yactb 3TUX TexHONOrM Ha- 
wna CBOe BONNOWeHNe B paspaboTAaHHbIx 
“Makenom” B nocnepHue rogbi 3YP cpeg- 
Hei fanbHoctu 9M96E uv 9M96E2. B 6au- 
‘awe FOAbl OHM BOMAYT B COCTAB HOBbIX 
mMogudukaynit cuctem [BO Kak Ha3emHOrO, 
Tak w KopabenbHoro Ga3zupoBaHua. 

Pag nepcnektwBHbix TexHOnorMi B 
6nuKaiwem 6ypayuem onpegenut u o6nnk 
3YP manou ganbHoctn. Cerogua nogasnaw- 
wee GONbWMHCTBO 3€HMTHBIX PaKeTHbIX 
KOMMNEKCOB Mano AaNbHOCTH, HaxopA- 
UMXCA Ha BOOPYKeHMM, MCNOMb3yI0T KO- 
MaH@Hble Cnoco6bl HasegeHua. [pu atom, 
KaK NpaBuno, HapAAy C paguonokayMoH- 
HbIM, UCNONb3YIOTCA KaHaNbl CONpoBOKAe- 
HMA Yen B BAAMMOM M MHpakpacHoM Au- 
ana3oHax. Takum o6pa30m oGecneunsair- 
CA MOMeXO3ZAL{MWEHHOCTb mM BCeNorop- 
HOCTb, AOCTATOYHbIe ANA ycnewHOK Goesoh 
pa6otbt 3PK B nw6bix ycnosuax. Og~HaKo 
6onbwuHCTBO cywjecTByioMMx 3PK manoi 
faNbHOCTM — OfHOKAaHaNbHble, a NoTOMy 
OHM He MOryT 3ceKTHBHO GopoTeca Aanke 
C OFPaHM4eHHbIM MaCCMpOBaHHbIM yAapom 
cpeactsamu BTO. NMo3ztomy, HeCMOTpA Ha 
CBOWW OTHOCMTeNbHyO NpocToTy mM Aewe- 
Bu3Hy, 3PK c KOMaHAHbIM HaBegeHvem 3YP 
Ha Yen MOryT 3*psekTHBHO MCNONb30BaTb- 
CA TONbKO NpM 3auMTe OOveKTOB, NO KOTO- 
PbIM ManOBepOATO NPMMeHeHMe Maccupo- 
BaHHOro yAapa cpegctsamn BIO. 

B HacToalee Bpema B page CTpaH Ocy- 
wectannetca paspaborka 3PK manoi panb- 
HOCTM, OCHalaeMbIx 3YP C KOMAaHAHbIM Ha- 
BefeHMeM Ha Ha4aNbHOM yyacTKe M CaMo- 
HaBefeHMeM Ha 3aKNIONMTeENbHOM 3Tane 
noneta. B TakuxX 3@HMTHbIX paKeTHbIX KOM- 
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nmnekcax npefycmatpuBaeTcA HECKONbKO 
KaHanoB CONpoBOMKAeHMA WeENU, YTO RONK- 
HO o6ecneyutTb addextusHyto Gopbby c 
MaCCMpoBaHHbim ygapom BTO. 

B nepcnektuse oco6oro BHUMaHuA 3a- 
Cy KMBaeT MAA MCNONb3OBaHHA B COCTaBe 
3@HMTHbIX PaKETHbIX KOMNNEKCOB 3YP Cc KO- 
MAHAHO-MHEpuManbHbIM HaBefeHvem Ha 
Ha4afbHOM y4aCTKe M CaMOHaBefeHveM B 
PaQMONOKayMOHHOM MW ONTHYeECKOM AMana- 
30HE Ha KOHEYHbIX 3TaNax Noneta. 3YP c 
NOAOGHbIMM BO3MOMKHOCTAMM B HanOonb- 
wei CTeneHu CMOryT COOTBETCTBOBaTb Tpe- 
60BaHWAM 3al\MTbI BaxKHbIX OObEKTOB OT 
MaCCMPOBaHHbIx yAapoB niw6bIx cpeActB 
BTO, nockonbky OHM NpakTuY4eckn He bypyT 
UMETb OFpaHMyeHU NO CKOPOCTpeNnbHOCTH, 
a B CONeTaHMM C peanu3ayner npnHuMna 
“BbICTpeNMN-3aObIN” NO3BONAT OpraHu30- 
BaTb BbICOKYIO MNOTHOCTb OFHA NO YHUYTO- 
»*eHMIO CpegcTB BTO. Ewe ofHum WeHHbIM 
Ka4¥eCTBOM 3TMX 3YP MOKeT CTaTb BO3MOK- 
HOCTb MX NPMMEHEHMA BO BCX BUfax BO- 
OpyKeHHbIx cun — BBC, CyxonytHbix Boi- 
ckax u BM®. 

B 6nuxKaiwue rogbi peanuzayua no- 
Ao6HOK yHudukKaunn cTaHeT OAHMM W3 
npvoputetHbix HanpasneHuu paboTb! Ana 
co3gqatened HoBbIX TunoB 3YP — manoi, 
cpegHei vu Gonbwon AanbHocTu. PeweHne 
3TOKW 3aQa4n NOZBONMT PaAMKaNbHO COKPa- 
THTb CyWeECTBYWOWM B HaCTOAWee BpeMA 
Tunak 3YP, BbiIABUTb HM OOeCNeYUTb peanu- 
3aunmi0 HavOonee nepcnekTMBHbIX Hanpas- 
neHnit B UX paspaboTKe, pe3KO COKPaTUTb 
3aTpaTbl M CPOKM MX CO3AaHMA M B UTOFe 
o6ecneuutb noBbiweHve PyHKUMOHaNbHOK 
MW 3KOHOMMY4ECKON 3cceKTUBHOCTH 3eHUT- 
HbIX PaKeTHbIX KOMMEKCOB. 


9M96E2 AD missiles recently developed by 
the Fakel Engineering Design Bureau. In a 
few years these missiles will be integrated 
with new modifications of both ground- 
based and ship-based AD systems. 

In the nearest future, several perspec- 
tive technologies will also influence the 
development of short-range AD missiles. 
Currently, the overwhelming majority of 
the in-service short-range AD missile sys- 
tems employ the command guidance 
mode. As a rule, the visible and infra-red 
target tracking channels are used along 
with radar target tracking. It allows 
achieving electronic immunity and all- 
weather capability sufficient for effective 
combat employment of AD missiles sys- 
tems in any conditions. However, most of 
the existing short-range AD missile sys- 
tems feature one channel thus being inca- 
pable of effectively counteracting even 
limited concentrated strike of high-preci- 
sion weapons. Therefore, despite being 
relatively simple and cheap, the AD missile 
systems with command guidance of AD 
missiles can be effectively employed only 
for protecting installations that are 
unlikely to become targets for massive 
strikes of high-precision weapons. 

Currently, a number of countries are 
developing short-range AD missile systems 
employing AD missiles with command 
guidance at the initial leg and homing at 
the final leg of the trajectory. Such AD 
missile systems feature several target 
tracking channels, which provides for 
effective counteraction to massive strikes 
of high-precision weapons. 

In future, special attention should be 


paid to the idea of employing in the AD 
missile systems the missiles featuring 
command-inertial guidance at the initial 
leg and homing in radar and optical ranges 
at the terminal legs. Such AD missiles are 
likely to fully comply with the require- 
ments set for protection of important 
objects and installations from massive 
strikes of any high-precision weapons as 
they will practically lack limits in the rate 
of fire. When combined with the “fire-and- 
forget” principle they will allow achieving 
high density of fire to destroy high-preci- 
sion weapons. Another valuable feature of 
these AD missiles is their possible employ- 
ment in all armed services — in the Air 
Force, the Army and the Navy. 

In the years to come, this unification 
will become a priority for the designers 
elaborating new types of AD missiles — the 
short-, medium- and long-range ones. 
Solving this problem will allow them to 
considerably reduce the existing AD mis- 
siles’ variety, determine and provide the 
realization of the most promising trends in 
missile design, cut the expenditures and 
terms of their development, and finally 
provide the increase of functional and 
economic efficiency of the AD missile 
systems. 
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3PC C-300MMY-2. 3eHuTHaA ynpaBnaemaa paketa 48H6E2 


S-300PMU-2 AD missile system. 48N6E2 guided missile 





eHuTHaA ynpaBnaeman paketa 6onb- 

wo fanbHoctw 48H6E2 npeaka3Ha- 

yeHa AA NOpayKeHMA Kak COBPeMeH- 

HbIX, TaK MW MePCNeKTMBHbIX CpeACTB 
BO3AYWHOFO HanafeHMA: CaMONeTOB CTpa- 
TerM4eckOu, TAKTHYECKOM MW MOPCKON aBna- 
uMn, CTpaTerMmyecKux KpbINaTbIX PaKeT, 
ABMAUMOHHbIX paket, TAKTMYECKMX WM ONe- 
PaTMBHO-TaKTHY4eCKMX HaNnUCTHY4eCKHXx pa- 
KeT, GECNUNOTHBIX NeTAaTeNbHbIX annapaTos, 
— BO BCeM AMana30He ycnoBMi ux boeBoro 
npwmeHenua. 

Paketa 3kcnnyaTupyeTca B repMeTH4- 
HOM TPaHCNOPTHO-nycKOBOM KOHTeMHepe 
(TINK) w He tpe6yeT npoBepoK u perynupo- 
BOK B TeYeHMe BCerO CpoKa cnyx6bl. 
48H6E2 -— ogHoctynenYatan pakeTa, Bbi- 
MONHEHHAA NO HOPMaNbHON a3zpOAMHaMn- 


yecKoW cxeme, C packpbiBaembiIMM Nocne 
cTapta pynamn. 

CtapT paketbl — BepTMKanbHbIi, C No- 
MOUbIO yCTaHOBNeHHON B TIIK KaTanyneTol, 
6e3 npegBapuTenbHoro pa3BopoTa Nycko- 
BOM yCTaHOBKH B CTOpoHy Yen. Mocne 3a- 
nyCKa ABMraTeNA pakeTa CKNOHAETCA B Tpe- 
6yemom HanpaBNeHMu B 3aBMCMMOCTH OT 
NONOMKEHMA ENV NPM NOMOLIM Fa30BbIx py- 
neii-3NepoHos. 

pv HaBegeHun pakerTbl MCcnoNb3yeTcA 
NpMHuMN CONpoBoOxKAeHMA YEN Yepe3 Ca- 
my pakety. Ockono4Ho-dyrachan 6oesan 
YacTb 6ONbWOM MOUIHOCTH B CO4eTaHMM C 
BbICOKMMM Neperpy3KamuM, KOTOpbie Cno- 
co6Ha BbiIfepKuBaTb pakeTa, OOecneunBa- 
1oT aepcbekTMBHOe NopakKeHue Yenei, B TOM 
4Ucne W MHTCEHCMBHO MaHeBPUpyIOUIMXx. 


he 48N6E2 long-range AD missile is 

intended to engage the in-service air 

attack weapons as well as those 

under development, including 
strategic, tactical and naval aircraft, 
strategic cruise missiles, air-launched mis- 
siles, tactical and theater ballistic mis- 
siles, and UAVs in the complete range of 
their combat use. 

The missile is operated in a sealed 
transporting-launching container and 
requires no maintenance or check-ups 
throughout its entire service life. The 
48N6E2 is a single-stage missile employ- 
ing a normal aerodynamic configuration 
with control surfaces that are unfolded 
after launch. 

The missile is launched vertically with 


an aid of a catapult mounted in the trans- 
porting-launching container, without a 
preliminery turn of the launcher in the 
direction of the target. After the ignition 
of engine, depending on the position of 
the target, the missile is deflected in the 
required direction by means of gas vanes 
(ailerons). 

Missile guidance is of the missile- 
tracking type. A powerful HE fragmenta- 
tion warhead coupled with the missile’s 
ability to withstand high g-loads ensures 
efficient destruction of targets, including 
the intensively evading ones. 
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1,2. fycxosaa ycmanosxa 3PC C-300/1MY-2 “Pasopum 
S-300PMU-2 Favorit AD missile system launcher 
3. 3YP 48H6E2 a TK 
48N6E2 missile in transporting-launching container ‘ TS oar ee 
4. Myck 3YP 48H6E2 
Launch of 48N6E2 missile 





3eHUTHbIE ynpaBnAembie pakeTbi HOBOTO NOKONeCHKA 


3eHuTHbIe ynpaBnnemble pakeTb! 9M9GE, 9M9GE2 9M96E and 9M96E2 AD guided missiles 





aketb! 9M96E wu 9M9GE2 — oguocty- 
neH4aTbie TBepgsoTONAMBHbie. Bbi- 
NONHEHbI NO aIpOAMHAaMUYeCKON Cxe- 
me “ytKa”, C pacKpbiBaembim nocne 
cTapta CBO60qHO BpaujaloujMMCA XBOCTO- 
BbIM KpbiNbeBbIM GNOKOM. PakeTbi NONHO- 
cTbiO yHuduyMpoBaHb! no cocTasy 6opTo- 
Boro o6opyfosanua, Goesomy CHapsAKe- 
HMI, KOHCTpyKUMM WM OTAMYAIOTCA TONbKO 
pa3mMepamu fBuraTenbHbIx yCTAHOBOK. 
CrapT paketbi — BepTMKaNbHbI, C NO- 
MOUbIO raz30AMHaMUYeCKOrO yCTpOucTBa, 
6e3 npepBapuTenbHoro pa3zBopoTa NyCKO- 
BOW yCTaHOBKH B CTOpoHy Yenn. MMocne Bbi- 
xoga paket! 13 TINK, nepeg 3anyckom pa3- 
rOHHO-MapwWeBoro pBMraTenA, OHA pa3B0- 
paunsaerca B Tpebyemom HanpaBneHun C 
NOMOUbIO ra30AMHAMMYECKON CUCTEMbI. 
YnpaBnenue nonetom pakerbi u ee Ha- 
BefeHue Ha WeNb Ha Ha4aNbHOM M CpeqHeM 


y4acTKax TpaekTOpMn Nnoneta OcyujecTBNA- 
eTCA C NOMOUbIO MHEPMabHO-KOppeKTH- 
pyemow cuctempl. B npoyecce nepexBata 
yenw UCNONb3yeTCA aKTMBHOe CaMOHaBe- 
jexuue. Mpn Heo6xofMmMoctH MHTEHCMBHO- 
rO MaHeBpMpoBaHMA Nepes TOYKON BCTpe- 
4w C Yenblo pakeTa Cnocobxa BbINTH Ha pe- 
KUM “CBEPXMAHEBPeHHOCTH”, ANA YerO MC- 
nonb3yeTca CneuManbHaa ras0QnHamuyec- 
Kan CMCTemMa ynpaBneHua. 

KouctpykTuBHO pakeTb! 9M96E un 
9M96E2 CocTOAT M3 HECKONbKMX OTCEKOB, B 
KOTOPbIX pacnono»KeHbl: CACTeMa AKTMBHO- 
ro CaMOHaBepeHMA, arperaTbi ynpaBneHna 
PyNAMM pakeTbI, CACTeMa ra3z0AnHamn4ec- 
Koro ynpasneHua, “MHTenneKTyanbHoe” 
6oeB0e CHaparxeHne, 6noKn Goptoson an- 
Napatypbl, AByXpexXMuMHbIN TRepAOTONNMB- 
HbIM PakeTHbIN ABMTaTeNb, NPHEMHUKK KO- 
MaHg KOppekumn HaBepAeHuA. 


he 9M96E and 9M96E2 are single- 

stage solid-propellant missiles 

employing a canard aerodynamic 

configuration with a freely-rotating 
aft wing unit that unfolds after launch. 
The missiles are completely identical to 
each other in terms of the configuration of 
the onboard equipment, payload and 
design. They differ only in the size of their 
engines. 

The missile is launched vertically by 
means of a gas dynamic system, without a 
preliminary turn of the launcher in the 
direction of the target. After the missile 
leaves its transporting-launching contain- 
er and before the sustainer booster is start- 
ed, the missile is deflected in the required 
direction by a gas dynamic system. 

Missile flight control and guidance at 
the initial and midcourse legs of the flight 


path are accomplished via an inertial cor- 
rection guidance system. In the target 
interception phase, the missile switches 
over to active self-guidance. Whenever the 
missile has to perform a maneuver to get 
to its rendezvous point, the missile can 
activate its “superagility” mode. For the 
latter, a special gas dynamic control sys- 
tem is employed. 

Structurally, the 9M96E and 9M96E2 
missiles consist of a number of sections 
housing an active radar homing system, 
missile control surface actuators, a gas 
dynamic system, “intellectual” payload, 
onboard equipment units, a dual-mode 
solid-propellant rocket engine and guid- 
ance correction command receivers. 
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1. 3YP 9M96E 
9M9GE missile 


2. 3YP 9M96E2 u 

9M96E2 missile an any ansporting-launching containe 
3. flycx 3YP 9M96E2 

Launch of 9M96E2 missile 
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1,2. Paxembi 9M96E, 9M96E2 u 48H6E2 @ xacceme-KoHmedHepe u Ha BbICMaBKe 
9M96E, 9M9GE2 and 48N6E2 missiles in cassette-container and at an exhibition 


3. Myckosan ycmanoexa c paxemamu 9M96E, 9M96E2 u 48H6E2Z 
9M9G6E, 9M96E2 and 48N6E2 missile launcher 

4. Ilyck 3¥P 9M96E 
Launch of 9M96E missile 

5. Cmexd daa ucneimanud paxem 9M96E, 9M9GE2Z 
Test bench for 9M96E and 9M96E2 missiles 























216 | Paketbi “Makena” . yerice . Fakel’s Missiles : 














3eHMTHbIe ynpaBnAembie pakeTbI HOBOFO NOKONeHMA New Generation of Air Defense Guided Missiles 





a A a 2 a a AN ey 


lita 


mere 


Fakel’s Missiles 








FI 











Paketbi “Makena” 














~ Kow nekKc 
HOW ¢ OTL aooTKM — 

* we 

a, sre > i“ . w - 


oa 


4 Me 7 
Ground Testing Facilities 








PMHUMNMaNbHO HOBbIM HanpaBneHu- 
em B pabote MKB “®aken” crano BHe- 
Apenuve B NpakTUKy CO3AaHMA HOBbIX 
pakeT KOMNMeEKCHOM CMCTeMbI Ha3eM- 

HOW OTpaboTKH. 

Onbit, HakONNeHHbIA NpeAnpuaTMeM 
ye Ha Ha4YaNbHbIX 3TaNax CO3AaHUA Pa- 
KeTHOM TEXHMKM, NOKa3an: Tpebyeman Ha- 
A@KHOCTb paket u ux GopToBoro Obopypo- 
BaHMA MOET ObITb O6ecne4eHa He TONKO 
nytem py6nuposaHua HanOonee BarKHbIx 
KOMNOHEHTOB, MX TLaTeNbHbIM OTOOPOM, HO 
VW KECTKMMM YCIOBMAMM CTEHAOBbIX M Na- 
6opatopHbix ucnbitaHuii. Mpu 3TOM NeTHbIe 
UCNbITAHMA AOMKHbI NPOBOAUTLCA AMWb B 
Tex cny¥aax, Kora Harpy3ku, AeucTByi0- 
ujve Ha pakeTy B NoNeTe, He MOryT ObiTb 
BOCNPOM3BEAeHbI B HA3EMHbIX YCNOBMAX. 

AkueHTMpyA BHMMaHMe Ha Ha3eMHOK 
oTpa6orke paket, Ha npegnpwaTun pyKo- 
BOJCTBOBANMCh CneAyOWMM: 

— Mporpecc pakeTHOW TexHuKu, Conpo- 
BOK AAeMbIN HENpepbiBHbIM HaKONNeHvem 
onbita, no3BONAeT O6ecne4MTb MaKCMMaNb- 
Hy} HafeKHOCTb Co3qaBaemon npopyK- 
yun. 3Ta HagexKHOcTb Ga3upyerTca Ha pe- 
3ynbTaTax, NONYYEHHbIX B NpOWUecce Ha3eM- 
HOW OTPaboTKM pakeT; 

— CyueCTBeHHOe yBenn4ueHne CTOMMOC- 
TM PakeT M MX OTAENbHbIX 3NEMeHTOB Orpa- 
HMUYMBaeT BO3MO)KHOCTH M3rOTOBNeHMA 
6onbworo KONMYeCTBa ONbITHBIX OOpa3zyoB 
ANA NeETHbIX MCNbITAHUH; 

— B Mpoyecce npoBeg“eHuA HazeMHbIx 
VCnbITaHMiA 3HAYMTeNbHO OOneryae;TCA BbI- 
NONHeHMe M3MEpeHNi HEOOXOAMMbIX Napa- 
MeTPOB M aHann3 COCTOAHMA MCNbITbIBae- 
MbIX OObEKTOB. 

C yenbio MMuTaynM B Ha3eMHbIX ycno- 


PakeTbl “Makena” 


BMAX MPakTMYeCKM BCeX BUAOB Harpy30K 
Ha paketbi 8 MKB “@aken” 6binu co3panbl u 
BBEfeHbI B CTPOM CheyManu3upoBaHHble 
(B TOM 4uCne MW YHUKanbHble) cTeHgbl. Mpu- 
4eM BCe 3TO O6OpygsoBaHve CKOHWeHTpUpO- 
BaHO B OfHOM M3 HaKOonee MOUIHbIX MCNbI- 
TaTesbHbIX WEHTPOB Mupa. Norkanyi, maB- 
HbIM Pe3yMbTaTOM AeATENbHOCTM WeHTPa 
cTano To, YTO HeO6xo_MMoe ANA NpoBepe- 
HUA JETHIX UCNbITAHMA KONMYECTBO pakeT 
YMEHbWMNOCb B NATh — NATHAAUATb pa3. 
[pv 3TOM UX HafeKHOCT K Havany NeTHbIX 
VCNbITaHMK YBENMYMNACd B YeTbIPe pa3a. 

B HacTonwee Bpema uCNbITaTenbHbIi 
uextp MKB “@aken” no3sonaet nposopMTb 
cnepyrouyme ucnbiTaHMa: 

— TeNNONpoYyHOcTHbie; 

— cTaTmyeckne; 

— AMHamuyeckue; 

— WMMTAYMOHHbIe +TpaHCnopTMpoBo4- 
Hble, B TOM 4MCne M yYCKOpeHHbie; 

— NO u3MepeHMio, perucTpayMn MW aHa- 
nu3y BUOpayMoHHbix Npoyeccos; 

— KNMMaTMY4eCKHe — Ha TeNNO- uM xoNO- 
AoycTon4usocts; 

— Ha 6pbi3ro-Bnaroycrow4uBocth, C 
MMUTauMen MHeAR, Opbi3r, MOPCKOrO TyMaHa, 
Tponuyeckoro KnuMaTa, NbINM, CONHEYHOH 
pagquaynn; 

— BakyyMHbIe — Ha NOHM)KEHHOe AaBie- 
Hue unu rny6oKnii BakyyM; 

— KpmoreHuble — go Temnepartypp! 4 K; 

— Ha yCKOpeHHoe ANuTenbHOe xpaHeHve; 

— KOMMNeKCHbIe — NPM OAHOBPeMeHHbIX BH- 
O6pauMOHHbIx W KNMMaTUYeCKHXx BO3eNCTBMAX; 

— yfapHble — vMuTauMA NafeHunA; 

— no mogfenupoBaHuio paguoobcraHos- 
KM W M3mMepeHuio CBY xapakTepucTuK aH- 
TeHH M OOTeKaTenei; 


he use of diversified ground testing 

facilities in the process of develop- 

ing new missiles has become a fun- 

damentally new practice adopted by 
the Fakel Engineering Design Bureau. 

The experience accumulated by Fakel 
at the early dawn of the missilery age 
showed that the required dependability of 
missiles and their onboard equipment 
could be ensured not only by duplication 
of the most crucial elements and their 
careful selection, but also by conducting 
rigorous bench and laboratory tests. In 
this case, flight tests are required only 
when missile flight loads cannot be simu- 
lated on the ground. 

Focusing on the ground testing of 
missiles, the Fakel’s specialists were moti- 
vated by the following considerations: 

— the progress in missile engineering 
coupled with the continuous accumula- 
tion of experience makes it possible to 
ensure maximum dependability of prod- 
ucts. The dependability is based on the 
data obtained in the process of testing 
missiles on the ground; 

— aconsiderable increase in the cost of 
missiles and their separate elements limits 
the possibility of manufacturing a large 
number of test models for flight testing; 

— ground tests make the measurement 
of requisite parameters considerably easier. 

To simulate practically all types of 
missile loads in ground conditions Fakel 
has designed and put in operation special- 
purpose test benches (some of them are 
unique). All this equipment has been 
brought together in one of the world’s 
largest test centers. Probably, the main 


result of the center's activities is that 
there has been a five- to fifteenfold reduc- 
tion in the number of missiles necessary 
for conducting flight tests. At the same 
time, their dependability rate has grown 
fourfold by the beginning of the flight 
tests. 

Today, the Fakel’s testing center allows 
conducting the following tests: 

— thermal strength tests; 

— static tests; 

— dynamic tests; 

— transportation simulation tests, 
including the accelerated ones; 

— vibration data measurement, record- 
ing and analysis; 

— climatic tests (low-temperature and 
high-temperature stability); 

— spray- and moisture-resistance tests 
with hoarfrost, spray, sea fog, tropical cli- 
mate, dust, solar radiation simulation; 

— vacuum tests (low-pressure or high- 
vacuum); 

— cryogenic tests (up to a temperature 
of 4 K); 

— accelerated long-term storage tests; 

— combined tests including vibration 
and climatic effects; 

— shock/impact tests with drop simula- 
tion; 

— radio environment simulation tests 
with measurement of UHF characteristics 
of antennas and fairings; 

— electromagnetic compatibility tests; 

— electric and functional tests to check 
electrical safety and insulation strength; 

— fire and environmental safety tests; 

— physical-chemical analysis of the 
properties of various materials. 
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— Ha 3NeKTPOMarHMTHYO COBMECTMMOCTb; 

— 3nekTpoTexHuyeckne, yHKUMOHaNb- 
Hbie, Ha NPOBEpKy 3NeKTPpOGe3z0NacHOCTH HM 
NPOYHOCTH M30NAUMH; 

— Ha noKapobesonacHocTb uw 3KONOrH- 
yeckylo 6e30nacHoctTb; 

-— no u3nko-xumuyeckomy aHann3y 
CBOUCTB pa3NU4HbIx MaTepManos. 

Cnenyet oco60 oTMeTHTb, 4TO CTeHAbI M 
na6opatopuu wcnbitatenbHoro WeHTpa 
npesNpuATMA pacnonorwKeHb! B CNeuManb- 
HbIX 3KPAHMPOBAHHbIX NOMELIEHMAX, 4TO 
no3Bonset o6ecneyuTb Heobxogumyio Ge- 
30NACHOCTb M KOHUACHUMANbHOCTb UCNbI- 
TaHun, 

UcnbitatenbHbid WeHTp npeanpuaTua 
pacnonaraeT KOMNNeKCOM Camo coBpe- 
MeHHOW peructpupyiouen wv u3MepuTenb- 
HOW annapatypbl. Oxa pabotaer B aBTOMa- 
TMYeCKOM peKume MW perncTpupyerT BCe He- 
o6xogumbie napameTpb! UCNbITbIBAeMbIX 
o6beKTOB, NPOBOAMT KOMNbIOTepHbI aHa- 
M3 NONyYaeMbIX pe3synbTaTOB M NpegcTaB- 
NAeT WX CNeUMaNMCTaM-uCCNepfoBaTeNAM B 
nio6o0u Tpebyemon copme. 

Ogua v3 masHbix ocobeHHOCTed ucnbI- 
TaTeNbHOrO YeHTPa COCTOMT B TOM, YTO 
3ecb O6ecneyeHa BO3MO)KHOCTb NoNyHa- 
TYPHOrO MOMeNMpOBaHHA B PeanbHOM mac- 
wrTa6e BpeMeHM BCex Npoueccos, KoTOpbie 
UCNbITbIBAeT PakeTa B PeanbHOM noneTe. 
Vmetoumeca B nabopaTopuax WeHTpa CTeH- 
Abl w UcnbiTaTenbHoe OGopygoBaHue no3- 
BO/IANOT MCNbITbIBATb PaKeTbI M UX OTAeNb- 
HbIe 3NEMEHTbI B YCNOBMAX, KOTOPbIe Npak- 
THYeCKM aMeKBaTHbl YCNOBMAM XpaHeHua”, 
TPaHCNOpTMpoBKH MU HoeBoro npuMeHeHMA. 
Npu 3Tom C YenbiO COKpaueHMA ANUTeNb- 
HOCTM MCNbITaHMA HEKOTOPbIe UX BUAbI 


Komnnekc Ha3eMHOU OTpaboTKH 


Cmamuyeckoe ucnbimaxue 
Static test 


COBMeUWalOTCA MW NpOBOAATCA NO eAnHOK 
nporpamme. B npouyecce ucnbiTaHuu anna- 
paTypbl B paMKax TaKOW Nporpammbi MOryT 
BOCNPOM3BOAMTbCA TemMNepaTypHbie, Bu6- 
Pal\MOHHble, BLICOTHbIE M APyrve ycnoBuA, 
COOTBETCTBYIOWMe 3JKCNNYaTaUMOHHbIM UM 
AeucTByOUMe B TOK Ke NOCNeAOBaTeNbHO- 
CTW (“NM COBMECTHO), 4YTO WM B peanbHOu 
o6ctaHoske. 

NogobxHbii nogxog umeerT pag cyulect- 
BEHHbIX NpPenmMyujeCcTB MO CpaBHeHMWO C 
TPaAMUMOHHbIMM MeTOAAMM NpoBeAeHHA 





Of special notice is the fact that the 
test center's test benches and laboratories 
are located in special shielded rooms which 
makes it possible to ensure a necessary 
level of safety and confidentiality of tests. 

Fakels’s test center possesses a variety 
of state-of-the-art data recording and 
measuring equipment. Operated automat- 
ically, it records all necessary parameters 
of the tested items, analyzes the received 
data and submits it to the research spe- 
cialists in any required form. 


One of the main distinctive features of 
the test center is that it provides for a pos- 
sibility to carry out real-time half-scale 
modeling of all processes that affect a 
missile in actual flight. The test benches 
installed at the center's laboratories and 
testing facilities allow testing missiles 
and their separate elements in conditions 
that are virtually identical to those of 
storage, transporting and combat employ- 
ment. Moreover, in order to reduce the 
duration of tests, some of them are com- 
bined and conducted within a single pro- 
gram. In the process of testing the devices 
within such a program it is possible to sim- 
ulate temperature, vibration, altitude and 
other conditions matching those of the 
actual use and affecting a missile — either 
in the same sequence or simultaneously — 
as in actual operation. 

Such approach offers a number of con- 
siderable advantages over traditional test- 
ing techniques. Thus, for instance, it 
allows detecting faults caused by com- 
bined exposure to vibration and climatic 
conditions. 

Fakel’s specialists have elaborated 
unique techniques of accelerated 
endurance, transporting and climatic test- 
ing, which allow reducing the duration of 
tests and cutting the tests’ cost by dozens 
of times. A distinctive feature of these 
techniques is their use for testing sophis- 
ticated devices with multiple constituent 
elements. 

The ground testing facilities devel- 
oped by the Fakel Engineering Design 
Bureau have helped to implement the sys- 
tem of ensuring guaranteed dependability 


Ground Testing Facilities 





Paketbi “Makena” 


vcnbitaHui. Hanpumep, B CBA3M C BO3MOK- 
HOCTbIO OOHApyKeHMA OTKA30B, BbIZBaH- 
HbIX COBMECTHbIM BO3QeMCTBMeEM KIMMaTH- 
4YeCKUX HW BHOpAayMOHHbIX PakTopos. 

Cneynanucte! npeanpuntun pa3pa6bo- 
Taw He MMelouMe aHaNOroB METOAMKH YC- 
KOPeHHbIX PECYPCHbIX, TPaHCNOPTHbIX VU 
KAMMATMYeCKMX MCNbITaHH, NPHMeHEHHe 
KOTOPbIX NO3BONAET COKPAaTMTb NpoAOMKU- 
TENbHOCTb MCNbITAHMM, a TaKKE B AECATKM 
pa3 COKpaTMTb Ux CTOMMOCTd. OTAM4UTeNb- 
Haf OCOGEHHOCTb 3TMX METOAMK 3aKkNO4a- 
eTCA B MX NPMMeHUMMOCTM ANA OTpaboTKH 
CNOMKHOM annapatypb! C MHO)KECTBOM KOM- 
MAEKTYIOWMX 3NEMEHTOB. 

C nomoujbio Co3faHHOrO Ha Npegnpua- 
THM KOMNNeKCa Ha3eMHOK OTpaboTKH pea- 
nw30BaHa Cuctema ObecneyeHuA rapaHTu- 
POBaHHOM HafeKHOCTH o6pa3u0B BOeHHOU 
W rpaxkfaHcKow npopykyun. B ux 4ucne 
pa3pa6otaHHble B MKB “Maken” 3eHuTHbIe 
ynpasnsemble paketbi 48H6 u 9M330, pag 
Apyrux o6pa3yos pakeTHOW MW aBMaKoH- 
HOW TeXHMKM (B TOM 4uCHe MW Apyrux npep- 
NPWATMATMA), a TAKKE Pa3sNM4Hble BUAbI 
npopykuMn rpaxkp~akCKoro Ha3HayeHnA. 

Vcnbitarenbubid ueHtp MKB “®aken” 
aTTeCTOBaH, NPM3HAaH MW AKKPeAMTOBAaH Kak 
UcnbitatenbHbid WeHTp ANA npoBegeHuaA 
CepTMMKaAuMOHHbIX MCNbITaHM u3qenui 
a3poKOCcMMYyecKoro HanpasneHua, MaWu- 
HOCTPOMTeNbHOM M 3NeKTpOTeXHUYeCKON 
NPOMbILNEHHOCTH, Pa3NM4HbIX BYAOB ObI- 
TOBOM TexHuKH. OpraHom cepTuduKaunn 
focctaHgapta Poccuu u “O6opoHceptudn- 
KOU” aTTeCTOBaHbi CTeHAbI, METOAMKM UC- 
nbiTaHv Ww KBaNMdMKauMA NepcoHana Ha 
wx CoOOoTBeTCTBMe Kak pecnyOnuKaHCKuo, 
Tak W M@)KAyYHapOAHbIM CTaHAapTam. 


of military- and civil-purpose products. 
They include the 48N6 and 9M330 AD mis- 
siles developed by Fakel, several other 
types of missiles and aircraft (including 
those built by other companies), as well as 
various types of civil-purpose products. 

Fakel’s testing center has been certi- 
fied, recognized and accredited as the 
Testing Center for conducting certification 
tests of aerospace products, machine- 
building and electrical products and vari- 
ous types of household appliances. The 
State Committee of the Russian Federation 
for Standardization and Metrology (Gos- 
standart) and Oboronsertifika (National 
Classification Authority) have certified 
the conformity of the test benches, test- 
ing techniques, and the qualification of 
the personnel to both national and inter- 
national standards. 
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Kpmorenubie ucnbitanua 

UcnbitaHua nposogatca B AMana30He Tem- 
nepatyp ot 10 K, u3meHeHue AaBneHua - 
Ao 10” mM prt.cr. Macca ucnbitbiBaembix 
o6bexktos — go 5000 kr, makcumanbubie ra- 
6apuTel O6beKToB — 2x 2x 10M. 


Cryogenic tests 

The tests are conducted within the temper- 
ature range starting at 10 K; the pressure 
variation is down to 10’ mm Hg. The test- 
ed items’ weight is up to 5,000 kg; their 
maximum dimensions are 2 x 2x 10 m. 


Komnnekc Ha3eMHOK OTpaboTKU 


Ground Testing Facilities 








Ns re: Paketbi “®akena” 


UcnbitaHuva Ha TpacnopTupoBaHne 
VicnbitaHva Ha MMMTAalMO TpaHCnNOopTMpoBa- 
HMA MPOBOAATCA NO YHMKAabHbIM MeTOAH- 
KaM, KOTOpbi€ NO3BONAWT COKPaTHTb UX NpoO- 
pomkutenbHoctb B 5-50 pa3. WcnbitaHna 
NMpOBOAATCA B fAManaz30He YaCTOT OT 
0 go 400 fu, MakcumManbHoe nepemelweHne 
+ 125 MM, Makcumanbuble rabapuTb! OObek- 
tos — 30 x 10 x 15 m, macca — fo 100 TOHH. 

MoulHocTb ucnbitatenbHoro oGopyso- 
BaHWA NO3SBONAET NPOBOAMTb MCNbITAHUA 
Kak OTM@NbHbIX arperaTOB, TaK WM WeNbIx 
TPaHCNOpTHbix CMCTeM. 


Transportation tests 
Transportation simulation tests are con- 
ducted according to the unique tech- 
niques that allow a five- to fiftyfold reduc- 
tion of the duration of tests. The tests 
are conducted within a frequency range of 
0 to 400 Hz; maximum displacement is 
+ 125 mm; maximum dimensions of items 
are 30 x 10 x 15 m, weight — up to 100 t. 
The testing equipment capacity of the 
testing gear allows testing both separate 
assemblies and entire transportation sys- 
tems. 
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3INeKTPOMarHMTHbIe BbICOKOYACTOTHbIEe 
MCNbITaHMA 

BoiasneHve Hanu4ua pagnonomex y 6biTo- 
BbIX 3NeKTponpuOopos, M3MepeHve Ux Xa- 
PaKTePUCTHK, NpoBeAeHve UCNbITAaHMH Ha 
3NeKTPOMArHMTHY!O COBMECTMMOCTb, M3Me- 
peHue pasnoTexHu4eckux NapameTpos ak- 
TeHHbIX yCTpolicTB (AvarpamMa HanpaB- 
MEHHOCTM MW KO3uuMeHT ycuneHMA) — 
BOT LeNb ITMX MCNbITAHMA. 

U3mepeHuve NapameTpoB aHTeHHbIx yC- 
TPOUCTB NPOM3BOAMTCA B AMaNa3z0He YaC- 
Tot oT 200 go 10000 my 8 6e33x0B0H Ka- 
mepe pa3mepom 50 x 20 x 25 Mm. YactoTHbii 
f\Mana30H U3MepAembIX pagnonomex CooT- 
BeTCTByeT MeKAYHAPOAHbIM CTaHfapTam. 
JKPanupoBanue nomeujeHua C KOIuuyH- 
@€HTOM 3KPaHMpOBaHMA B AMaNaz0He Yac- 
tot 0,2-10,0 rfy > 100 216 o6ecneunsaer 
KOHMAeHUMaNbHOCTb NpoBoAMMbIX pabor. 


Komnnekc Ha3emMHOM OTpaboTKK 


High-frequency electromagnetic tests 
The purpose of these tests is to detect 
radio interference in household electric 
appliances, measure their performance 
characteristics, test them for electromag- 
netic compatibility, measure the radio 
parameters of antenna assemblies (direc- 
tional pattern and gain power). 

Measurements of the antenna assem- 
bly parameters are taken in the 200 to 
10,000 MHz frequency range, in an anechoic 
chamber with dimensions of 50 x 20 x 25 m. 
The frequency range of measured radio 
interference complies with the interna- 
tional standards. Shielding the rooms with 
a factor within the frequency range of 
0.2-10.0 GHz > 100 dB ensures confiden- 
tiality of the conducted tests. 
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Paketbi “Makena” 


KnwumaTH4eckue MCNbITaHHA 
OcyuwjectBnaAwTca ucnbITaHuA Ha TeNNo-, 
XONOMO- MW BNaroyCTOMYMBOCTb C MMUTAaLM- 
ei BO3feNCTBMA Ha OObEKT KNUMATUYeCKUX 
@akTopos, NOHMKeHHOFO aTmOCdepHoro 
faBNeHuA, VMUTMpPYyeTCA ANMTeENbHOe Xpa- 
HeHMe OObEKTOB Ha OTKPbITOM BO3Ayxe MM 
Ha CKage, B pa3NMYHbIX KNMMaTMYeCKMX 
30Hax. VicnbitaHua NPOBOAATCA B AMana30- 
He Temnepatyp oT -90°C fo +300°C, qnana- 
30H MU3MCHEHMA BNAaKHOCTH — OT 10 AO 
98%, NOHWKeHHe AaBNeHuA — fO 10° MM 
pt.ct. Macca ucnbiTbipaembix OObeKTOB — 
fo 1000 kr, MakcuManbuHble rabapuTb! o6b- 
exToB — 1x1x7,5 Mm. 

MpumeHnembie CneyManbHbie mMeTOsM- 
KU NO3BONAIOT COKPaTUTb BpemA NpOBepe- 
HUA UCNMbITaHMM Ha AVIMTEIbHOCTb XPaHe- 
HMA NpoAyKuMH Gonee Yem B 20 pa3. 


Climatic tests 

Items are tested for high-temperature, 
low-temperature and moisture resistance 
with a simulation of various climatic fac- 
tors and low atmospheric pressure. Long- 
term open-air or indoor storage conditions 
of various climatic zones are simulated. 

Tests are conducted within the tem- 
perature range of -90 to +300°C. The 
moisture range is between 10 to 98%. The 
pressure reduction level is down to 
10° mm Hg. The weight of the tested items 
is up to 1,000 kg. Their maximum dimen- 
sions are 1x 1x7.5m. 

The special techniques used in these 
tests allow for more than a twentyfold 
reduction in the duration of tests for long- 
term storage of products. 
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TennonpouHocTHbie UcnbiTaHuA 
UcnbitaHvaA npoBogATcA C WenbIo Onpese- 
N@HMA MPOYHOCTM MW pacnonaraemoro pe- 
cypca o6beKTOB — NPM MMMTALIMH Harpy30K 
wv TemMnNepatyp B peanbHOM macwta6e spe- 
MeHM, a TaK)Ke annapatypbl — npw noHH- 
KEHHBIX WM NOBbIWEHHbIX TeMNepaTypax. 
UcnbitaHva OCyueCTBNAIOTCA NpM Harpy3- 
Kax 90 1 Mila, B QMana30He TemnepaTyp 
-30°C no +2000°C, np mMakcumanbHooM Ko- 
AMYeCTBe KaHaNOB HarpyKeHuA — 32 UV Ha- 
rpesa — 20. 

VHoOpmMauMOHHO-perncTpupywuan 
CucTema NO3BONAeT NONyYaTb CBEAeHMA O 
napametpax ucnbitaHuA no 1000 KaHanos. 
Makcumanbuble ra6aputbi ucnbiTbiBaeMbIx 
o6bektos — 30 x 18 mM, BO3MOKHO OMHOBpe- 
Me@HHOE MCNbITaHNMe ABYX OObEKTOB AaHHbIx 
pa3mepos. 


Komnnekc Ha3emMHOK OTpaboTKH 


Thermal strength tests 

Tests are conducted with a purpose to 
determine the strength and fatigue level 
of items by real-time simulation of loads 
and temperatures, and of equipment sets 
by exposing them to low and high temper- 
atures. 

Tests are conducted at loads up to 
1 MPa, within the temperature range 
of -30 to +2,000°C, with 32 loading chan- 
nels and 20 thermal channels maximum. 

A data recording system makes it pos- 
sible to acquire test parameters data from 
1,000 channels. The maximum dimensions 
of tested items are 30 x 18 m. It is possi- 
ble to simultaneously test two items of 
this size. 
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[\wHamuyeckue ucnbitaHna 
MexaHuyeckne (quHamMu4eckue) ucnbiTa- 
HUA OObEKTOB NPOBOAATCA C UeNbIO ONpe- 
A\eNeHWA XapakTepUcTMK UX BUOpONpOYHO- 
CTH MW BUOpoycTOM4MBOCTH, ANA MOfasbHO- 
rO aHaNW3a KOHCTPyKUMM M aHanw3a ANHa- 
MUYECKMX NPOUeCCOB B peanbHOM MaCUITa- 
6e spemeun. 

UcnbitaHma OcyuecTBnAIOTCA B QMana- 
30He YacToT OT 0,1 go 20000 Ty c makcu- 
MafibHbIM yCKOpeHuem go 2000 m/cek’, 
MaKCMMasibHble raGapuTbl UCNbITbIBAeMbIX 
o6bextos — 2 x 2x 10 m. Mapamertppi 3aga- 
BaeMbIX CMHYCOMAaNbHbIX BUOpayMi CoOT- 
BeTcTByioT TpeGospaHuam IEC 68-2-6, wu- 
pokononocubie cnyyaiHble Bubpayun co- 
oTBeTcTBylOT TpeGoBaHuam IEC 68-2-34. 

Mpwmensembie CneynanbHbie MeTOANKU 
NO3BONAWT NPOBOAMTb MCNbITaHMA B YCKO- 
PeHHOM perxkume, 6e3 CHMKEHMA Ka4ecTBa 
AOCTOBEPHOCTH NonyyaemOn MHopmaunM. 


Dynamic tests 

Mechanical (dynamic) testing of items is 
conducted with a purpose to determine 
their vibration strength and vibration 
resistance characteristics, to perform their 
structural modal analysis and analyze 
dynamic processes in real-time mode. 

The tests are conducted within the 
frequency range of 0.1 to 20,000 Hz 
with a maximum acceleration of up to 
2,000 m/s*. The maximum dimensions of 
the tested items are 2 x 2 x 10 m. The sinu- 
soidal vibration settings comply with the 
IEC 68-2-6 standards. The broadband ran- 
dom vibration settings comply with the 
IEC 68-2-34 standards. 

The special techniques applied in 
these tests allow conducting tests in an 
accelerated mode without any detriment 
to quality and test data adequacy. 
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pou3zsopctTBeHHan 6a3a, KOTOpOH 

pacnonarano MKB “®axen” B nep- 

Bble rofbl CBOerTO CYyLeECTBOBAaHHMA, 

npegctasnana co6oh onbitHbii 
ABMALIMOHHbIM 3aBOf, MOWHOCTM KOTOpOrO 
no3Bonanu obecneyuBaTb u3roTOBNeHue 
ONbITHbIX OOPa3LOB PakeT M UX OTAENbHbIX 
3N@MeHTOB. OCHOBHbIMM KOHCTPYKUMOHHbI- 
MM MaTepmanamu, KOTOpbie B Nepwog CTa- 
HOBNEHMA NPEANPKATHA NPAMEHANMCh NPM 
U3FOTOBNEHMM pakeT, ObINv KOHCTPyKUMOH- 
HbIe M HepKaBeloulme CTann, Aesopmupye- 
Mble WM AMTeMHbIE ANIOMMHMEeBbIE CMNaBbl, 
HemeTannM4eckue MaTepMalibl, WAPOKO MC- 
nonb3yembie BO BCeX OTPacNAX HapoOAHOroO 
xo3auctBa. B revenue nocnepywoulnx feca- 
TuneTni TexHonorn MW pabOTHMKH Npeg”npu- 
ATMA B COppyKecTBe C BEAYUMMK MaTepna- 
NOBEAYECKUMM OpraHv3aMAMM CTPaHbl 
Be HeENpepbiBHbI NOUCK CaMbIx COBep- 
WeHHbIX MaTepvanoB, pa3pabaTbiBanu uM 
OCBaMBanM HOBbIe, 3a4aCTYIO YHMKasbHble, 
TexHonormyeckve mpoyecchl, Npeska3Ha- 
YaBLUMeCA ANA W3FOTOBNEHMA Pa3NMYHbIX 
metTanen vw arperatos paket. 

B 4uvcno HanOonee COBpeMeHHbIX Tex- 
HONOFMY4eCKMX NPOUeCCcoB, KOTOPbie B Ha- 
CTOAWee BPEMA MCNONb3yOTCA Np w3ro- 
TOBNeHMM pakeT M MX arperaToB, BXOAAT 
WTAaMNOBKa B3PbIBOM, WTaMNOBKa MeTOAOM 
o6paTHoro npeccosaHna, acoHHoe AuTbe, 
na3epHan CBapKa, M3rOTOBNeHMe KOHCT- 
pyKWUM M3 NONMMEPHbIX MaTepMaNoB, Po- 
TaUMOHHAA BbITAKKA, HAHECEHME 3ali\MT- 
HbIX M3HOCOCTOMKUX NOKPbITMH MeTOAOM 
MUKpopyroBoro OKCMAMpOBaHMA. 
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uring the initial period of its exis- 

tence, the Fakel Engineering Design 

Bureau possessed an aviation pilot- 

production plant as its own produc- 
tion base capable of producing prototypes 
of missiles and their separate elements. 
During this period, the primary structural 
materials to manufacture missiles com- 
prised structural and stainless steels, 
wrought and cast aluminum alloys, non- 
metallic materials widely used in all 
spheres of the national economy. Within 
the subsequent decades, in cooperation 
with the leading material research organi- 
zations of our country the Fakel’s technol- 
ogists and workers continuously searched 
for the best materials, developed and 
brought new and quite often unique tech- 
nological processes, meant for manufac- 
turing various details and units of mis- 
siles, to a serial production level. 

The most up-to-date technological 
processes that are nowadays used for man- 
ufacturing missiles and their units include 
explosive forming, inverse extrusion form- 
ing, shape casting, laser welding, making 
constructions out of polymeric materials, 
rotary drawing, applying wear-resistant 
protective coatings by microarc oxidation. 
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Wtamnoska MeTof0m 

o6patHoro npeccopaHua 

3TOT MeTOA NPUMeHACTCA ANA U3rOTOBNe- 
HUA B CeEpHAHOM NponsBog_cTBe KOpNycosB 
ABUTATeNbHbIX YCTAHOBOK W3 BbICOKONPOY- 
HbiX ANOMUHMEBbIX CHNaBosB. 





UtamMnosBka B3pbiBOM 

Npumensetca ANA w3roTOBNeHuA B egH- 
HM4HOM, ONbITHOM HM MeNKOCepunHOM Npo- 
V3BOACTBE TOHKOCTeHHbIX KpynHorabapmT- 
HbIX eTanew WM KOHCTpyKuMi, Hanpumep, 
AH TONNMBHbIX 6akoB, napabonuyeckux 
aHTeHH. Mpouecc xapakTepu3yeTcA BbICO- 
KOU SKOHOMUYECKOK IPeKTUBHOCTbW U3- 
3a HE3Ha4YMTeNbHOFO OObema KaNUTaNbHbIx 
3aTpaT M HEGONbWMX CPOKOB, a TaKKe HU3- 
KOM CTOMMOCTH NOAFOTOBKM NpOM3BOACTBa. 
Hau6onee addektusHo ucnonb30BaHue 
3TOrO Npouecca Np w3roTOBNeHUM 3epKan 
aHTeHH CNYTHMKOBOM CBA3M, NPY opmo- 
o6pa3z0BaHun oGeyaek KOHUYECKON UM OKU- 
BanbHOW dopmbi. MakcuManbHbIN AMameTp 
o6pabatbisaemon petanu — Ao 3-3,5 , Ton- 
uiMHa feTanu — oT 2 Qo 20 MM, TOYHOCTb 
BbINOMHEHMA FEOMETPUYECKUX pasmMeposB — 
9-12 KBanuTerT. 


Sais TexHOnorun MW NpoK3sBOACTBO 


Inverse extrusion forming 

This method is used in serial production to 
manufacture the power plants bodies out 
of highly resistant aluminum alloys. 





Explosive forming 

It is used in individual, pilot-scale and 
small-batch production to manufacture 
thin-wall large-size details and construc- 
tions — for example, fuel tanks bottoms 
and parabolic antennas. This process is 
characterized by high economic effective- 
ness (due to an insignificant volume of 
capital expenditures and modest terms), 
as well as by low cost of the preparation of 
production. It is highly effective for man- 
ufacturing reflectors of the satellite com- 
munication antennas, for moulding conic 
and ogive shells. The maximum diameter 
of a workpiece amounts up to 3-3.5 m, 
thickness of a workpiece varies from 2 to 
20 mm, dimensional accuracy is 9-12 
qualitet. 
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PoTauwOHHan BbITAKKa 

Npwmensetca ana w3roToBneHva UnnMHp- 
PUYECKMX MW KOHMYECKMX AeTanei C Manon 
BbICOTOM MMKPOHEPOBHOCTeH MW TOYHbIMM 
pa3Mepamnu — M3 pasHOOOpa3sHbix MaTepva- 
NOB: OT HU3KOYMMePOAMCTbIX CTanen AO BbI- 
COKONPOYHbIX MW HeEp)KaBelOulMx CnnaBos, 
aniOMMHMA UM THTaHa. [abapuTe! M3roTaBnM- 
BaemMbIX feTanev: AvamMeTp — oT 5 fo 
600 mM, AnuHa — fo 1500 mm. C nomoubio 
3TOFO METOAa MOMKHO U3FOTABNMBaTb OCO- 
60TOHKOCTeHHbIe TpyOyaTbIe AeTanu Mano- 
ro AMvamMeTpa, C TONWMHOK AO 0,05-0,1 mm. 
MpwmeHeuve AaHHOro npouecca Hanbonee 
3IPMEKTMBHO NPM U3rOTOBNeEHMM TOHKO- 
CTeHHbIX KOpNycos, pabotaiouux nog AaB- 
NeHMeM, TOYHbIX 3arOTOBOK KONeu, Tpy6, 
UMAMHAPOB rMAponHeBMOaNnapartypbi. 


Jia3epHaa CBapKa 
fina co3QaHMA BbICOKOHAMeKHbIX CHOMKHBIX 
KOHCTPYKUMM, CMNOBbIX NaHeENneu u3 CaMbIx 
COBPeMEHHbIX METAaINOB M CNNaBoB, NpM UX 
MMHMMasIbHbIX MEPOpMayMAx, MCNONb3yeT- 
CA Na3epHaA CBapKa. 
ABTOMaTM3MpOBaHHbIi NaZepHbI Tex- 
HONOTMYeCKMA KOMNNeKC, AeKCTByIOWMA 
Ha NpeAnpuatunu, BKNiONaeT B CeOA TeXHO- 
NOFMYECKMH Fa30BbIn Nazep, ynpaBnAembIi 
3BM, TexHOnorMyeckui MOpynb WM CneuMa- 
AW3MpOBaHHyW OCHaCTKy. HOomMMHanbHaa 
MOUHOCTb Fa30B0r0 Na3zepa — 3 KBT, Mak- 
CuManbHan — 5 KBT. Pexkum wu3nyyeHua — 
HeNpepbiBHbI W MMNyNbCHbIN. MakKCcumanb- 
HafA TOMUMHA CBaPMBaeMbIX TUTAHOBbIX 
cnnaBos 4 Crane — 4 MM, CKOpOCTb nepe- 
MeUIEHMA — 0 4 M/MUH, TONHOCTb NO3MUY- 
OHMpoBaHnAa — 0,1 mM. 


Rotary drawing 

It is used to make cylindrical and conic 
details with low height of roughness and 
precise dimensions, out of various materi- 
als: from low-carbon steels to high-resist- 
ant and stainless alloys, aluminum and 
titan. Dimensions of manufactured 
details: diameter - from 5 to 600 mm, 
length - up to 1,500 mm. This method 
makes it possible to produce extremely 
thin-wall tube details of small diameter 
with a thickness of up to 0.05-0.1 mm. The 
process is particularly effective when used 
to make thin-wall bodies working under 
pressure, precise ring, tube and cylinder 
billets for hydropneumatic equipment. 


Laser welding 

Laser welding is used to build highly reli- 
able complex constructions, to manufac- 
ture power panels out of the most up-to- 
date metals and alloys with minimum 
deformation. 

Automated laser technological com- 
plex operating at the enterprise includes a 
computer-controlled technological gas 
laser, a technological module and special- 
ized attachments. The gas laser rated 
power is 3 kW, maximum output is 5 kW. 
Mode of radiation — continuous and pulse. 
Maximum thickness of titanium alloys and 
steels to be welded is 4 mm, rate of move- 
ment — up to 4 m/min, positioning accura- 
cy - 0.1 mm. 
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HavHeceHue 3aliMTHbIX MH3HOCOCTOMKMX 
NOKPbITMH Ha AeTANM M3 aNiOMMHMeEBbIX 
cnnaBoB MeTOAOM MMKpogyroBsoro 
OKCUAMpOBaHHA 

3ITOT METOA NMPMMeHAeTCA ANA CO3faHHA 
NOKPbITMM Ha BHEWHUX WM BHYTPeHHMX NO- 
BEPXHOCTAX NOGOU CNOMKHOCTH M KOHUry- 
paunu. OH no3BonAeT NonyYaTb Kepamun4e- 
CKMe NOKPbITMA C BbICOKOM M3HOCO- uv Ten- 
NOCTOWKOCTbIO, C NOBbIWeHHOM Hafex- 
HOCTbIO NPOTMBOKOPPO3MOHHON 3ali\MTbI, C 
NOBLIWEHHOM AMINeKTPMYeCKON NpoHMua- 
eMOCTbIO. TONLMHa HAHOCMMOrO NOKpbITHMA — 
5-300 MKM, MMKPOTBEpAOCTb NOKpbITMA — 
Qo 2000 Krc/mm’, anre3ua — 0,8 npoyHoctn 
OCHOBHOFO MaTepnana, MZHOCOCTOUKOCTb B 
8 pa3 Bbiwe, 4em y cnnasa BK8, makcu- 
MaJibHaA NOKPbIBAeMAA NOBEPXHOCTb AeTAa- 
nei npw 3arpy3ke B BaHHy — 50 gM’. 


MaconHoe nutbe 

Ucnonb3yeTcA ANA BbINONHEHMA OTNMBOK 
M3 ANIOMUMHMeBbIX M MarHMeBbIX CNNaBOB B 
necyaHble (POpMbI; THTAHOBbIX M CTasbHbIXx 
OTNMBOK — B O60NOY4KOBbIE dopmbi, u3r0- 
TOBNACMbIe METOAOM BbINNABNAeMbIX MOfe- 
new. Yuctota noBepxHocteh, KayecTBO uM 
TOYHOCTb OTNMBOK COOTBETCTBYIOT CyecT- 
BYIOLAMM TpeOOBaHMAM MaLUMHOCTpOeHMA UM 
Apyrux OTpacnew HapogAHoro XO3ANCTBa. 


— TexHONorMu MW NpOoM3sBOACTBO 


Application of wear-resistant protective 
coatings onto aluminum alloy details by 
microarc oxidation 

This method is used to make coatings on 
external and internal surfaces of any com- 
plexity and configuration. It makes it pos- 
sible to create ceramic coatings with high 
wear resistance and high heat stability, 
increased reliability of rust protection, 
and increased dielectric constant. 
Thickness of applied coating is 
5-300 u, microhardness of coating — up to 
2000 kg/mm’, adhesion — 0.8 related to 
main material, wear resistance is 8 times 
higher than that of the VK8 alloy, maxi- 
mum coated surface of details when 
charging a bath — 50 dm’. 


Shape casting 

It is used to cast aluminum and magne- 
sium alloys into sand moulds; titanium 
and steel alloys — into shell moulds made 
as investment moulds. Surface finish, 
quality and accuracy of castings comply 
with the present standards of the engi- 
neering industry and other branches of 
the national economy. 
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U3zroTopneHue KOHCTpyKuMi 

M3 NONMMePHbIx MaTepwanos 

VU3roTopneHve petanev v3 HeMeTannM4ec- 
KUX MaTepMasoOB C NOMOLWbIO NpPeccoBaHnA, 
AWTbA MW ABTOKNABHOrO BakyyMHOrO tbopmu- 
pOBaHMA WHMPOKO uCcnoNb3yeTca B MKB 
“Maken”. Takum o6pa30m obecneyusBaerca 
cbopmosaHue o6bemHbIX KpynHorabaput- 
HbIX MeTaNew AMaMeTPOM AO 2 M VM ANMHON 
fo 6 M npu Temnepatypax po +300°C uv 
flapnenun po 3 mila. Ocywectsnenue Tex- 
HONOFMYeCKMX NpOuUeCccoB NO BaKyyMy, 
faBNeHulo MW TeMNepatType NONHOCTbW aB- 
TOMaTH3MpOBaHoO. VUmetoueeca Ha npen- 
NPMATMM ABTOKNABHOR, BakyyMHOe M Npec- 
copoe o6opygosaHue c ycunuem npecco- 
BpaHua oT 10 po 4500 T no3BONAeT M3roTaB- 
AMBaTb NpakTMYeCKH NWOSbie AeTANM M3 NW- 
6bix BUAOB NPeCCKOMNO3KUMH. 


Making constructions 

out of polymeric materials 
Manufacturing details out of nonmetallic 
materials by means of moulding, casting 
and autoclave vacuum moulding is widely 
used in the Fakel Engineering Design 
Bureau. Thus, it is possible to ensure 
moulding of bulky large-size details with a 
diameter of up to 2 m and a length of up 
to 6 m under temperatures of up to 
+300°C and a pressure of up to 3 MPa. 
Execution of the technological processes 
as far as vacuum, pressure and tempera- 
ture are concerned, is fully automated. 
Fakel possesses autoclave, vacuum and 
moulding plants and equipment with a 
moulding force of 10 to 4,500 t that make 
it possible to produce practically any 
detail out of any moulding composition 
type. 
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EE Panere MK6 “@axen” 


KaneHgapb namaTHbix pat MKB “®aken” 


20 non6pa 1953 roga o6pa30BaHo Ocoboe KoHCTpyKTopcKoe Giwpo Ne 2 
(c 1967 ropa MKB “®axken”) 


8 mapta 1955 roga coctoanca nepsbii nepexeat Camoneta-Gbombapan- 
PpOBuyMKa ynpaBnnemon paketon PC-1Y 


26 anpena 1955 roga coctoanca nepsbiit nyck pakerbi 1f] 
13 oxta6pa 1957 roga coctosnca nepsbii nyck npoTusopakerb! B-1000 


7 Hon6pa 1957 roga so Bpema napaga Ha KpacHoi nnowagu B Mockse 
Bnepsble NpOAeMOHCTpupoBara pakerta 1/] 


11 geka6pa 1957 roga Ha BOopykeHue NpuHata pakerta 1f] 

25 anpena 1958 roga coctosnca nepsbii nyck pakeTb! 4K90 

25 uiona 1958 roga npegnpuatue HarpadkgeHo OpfeHoom JleHuHa 

28 non6pa 1958 roga Ha BOOpykKeHue NPUHATAa ABMAWMOHHAA yNpaBnAemaA 
paketa PC-2Y 


30 gexa6pa 1958 roga npegnpuatue nocetuna rpynna pykosoguTenen 
ctpaHb! Bo rape c H.C. Xpyujeseim u JI.W. BpexHesbim 


22 man 1959 roga Ha BoopyxeHue Gbin npuHaAT KOmnnekc C-75 “fecha” 
Cc paketou 13 


7 oxta6pa 1959 roga B HeGe Hag Kutaem 6bin COuT BbICOTHbIM CamoneT- 
pa3pequnk PB-57f) 


23 anBapa 1960 roga cocrosnca nepsbili nyck pakeTb! 17/f) 


1 man 1960 roga oxono Ceepanoscka 6bin cout Camonet-pa3BeA4nK 
“Jloxxug” U-2 c netunkom 9.1. Nayapcom 
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November 20, 1953 — Special Design Bureau #2 (since 1967, the Fakel 
Engineering Design Bureau) was set up 


March 8, 1955 — First interception of a bomber by a RS-1U missile 


April 26, 1955 — First launch of the 1D missile 
October 13, 1957 — First launch of the V-1000 ABM missile 


November 7, 1957 — First demonstration of the 1D missile at the parade in the 
Red Square in Moscow 


December 11, 1957 — The 1D missile was adopted for service 
April 25, 1958 -— First launch of the 4K90 missile 


July 25, 1958 - The Fakel Engineering Design Bureau was awarded the Order of 
Lenin 


November 28, 1958 — The RS-2U air-launched missile was adopted for service 
December 30, 1958 — The enterprise was visited by a group of the USSR 
political leaders headed by N. Khrushchev and L. Brezhnev 


May 22, 1959 — The S-75 Desna system fitted with the 13D missile was adopted 
for service 


October 7, 1959 — The RB-57D high-altitude spy aircraft was downed in the 
airspace of China 


January 23, 1960 — First launch of the 17D missile 


May 1, 1960 - The Lockheed U-2 spy aircraft piloted by F. Powers was downed 
in the Sverdlovsk area 
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27 utona 1960 roga — coctoanca nepsbiit nyck pakeTb! 5B21 


10 oxta6pa 1960 roa Ha BoopyxKeHve NPMHAT ABMAKMOHHBIN KOMNNEKC 
nepexsata Cy-9-51 c paketamn PC-2YC 


4 mapta 1961 roga paxetoi B-1000 snepstie 8 mupe 6bina nopaxkeHa 
rOnOBHaA YaCTb GannucTMyecKoH pakeTbi AanbHero AeEUCTBMA 


20 anpena 1961 roga Ha Boopy»keHue npuHaT Komnnexc C-75M “Bonxos” c 
pakerou 20]. 


21 wionA 1961 roga Ha BOopyxxeHve NpuHaT Komnnekc C-125 c 
paketou 5B24 


9 wiona 1961 roga Ha napape B TywHHoO Bnepsbie noKa3aHa pakerta PC-2Y 


27 oxta6pa 1962 roga B HeGe Hag Ky6oi cout camoneT-pazBequnk 
“Jloxxug” U-2 


24 aprycta 1962 roga Ha BoopyxkeHue NpuHaT KOpabenbHbIh 3PK M-1 
“Bonna” c paxeton 4K90 


27 geka6pa 1963 roga coctosnca nepebiii nyck pakeTbi 22f) 
29 man 1964 roga Ha BoopyxeHue bina npuHata paketa 5B27 


7 Hon6pa 1964 roma 80 spema napaga Ha KpacHoi nnowagn B Mockse 
BnepBbie NPOAeMOHCTpMpoBara NpoTMBopaketa 5B61 


27 mapta 1965 roga cocroanca nepsbil nyck pakeTb! 9M33 


24 wiona 1965 roga eB He6e Hag BbeTHamom snepabie cout KomnneKcom C-75 
aMepUKaHCKMH CamoneT 


31 wna 1965 roga paxeroii 22/] npu pabote pakeTHo-npaMoTO4HON 
ABMraTeNbHOK yCTaHOBKM AOCTMrHyTa CKOpocTb M=3.9 


1 mona 1966 roga — rexepanbHbiit KoHCTpyKTop MKB “®aken” 1.2. fpywnn 
w36paH pelicrauTenbHbiM YneHomM AKagemun Hayk CCCP 


el KaneHgapb namaTHbix fat MKB “@aken” : 








July 27, 1960 — First launch of the 5V21 missile 


October 10, 1960 — The Su-9-51 aircraft interception system fitted with the 
RS-2US missiles was adopted for service 


March 4, 1961 — For the first time in the world, the V-1000 missile destroyed a 
long-range ballistic missile warhead 


April 20, 1961 — The S-75M Volkhov system fitted with the 20D missile was 
adopted for service. 


June 21, 1961 — The S-125 system fitted with the 5V24 missile was adopted 
for service 


July 9, 1961 — First demonstration of the RS-2U missile at the parade in Tushino 


October 27, 1962 — The Lockheed U-2 spy aircraft was downed in the airspace 
of Cuba 


August 24, 1962 — The ship-based M-1 Volna AD missile system fitted with the 
4K90 missile was adopted for service 


December 27, 1963 - First launch of the 22D missile 
May 29, 1964 - The 5V27 missile was adopted for service 


November 7, 1964 -— First demonstration of the 5V61 ABM missile at the 
parade in the Red Square in Moscow 


March 27, 1965 — First launch of the 9M33 missile 


July 24, 1965 — The first American aircraft was downed by the S-75 system in 
the airspace of Vietnam 


July 31, 1965 — The 22D missile equipped with the direct-flow power plant 
achieved the flight speed of M=3.9 


July 1, 1966 — Pyotr D. Grushin, General Designer of the Fakel Engineering 
Design Bureau, was elected Full Member of the Academy of Sciences of the USSR 
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22 cbespana 1967 roga Ha BoopyxkeHuve npuHata 3PC C-200 c paketod 5B21, 
pa3pa6oTaHHow B MKB “Maken” 


4 mapta 1970 roga - nepsbiit nyck paxetb! 5B55 


9 mona 1970 roga pakeTou 5B61 nonuroHHoro O6pa3ya cucrembi MPO A-35 
B WTaTHOM pexkume 6bina nepexBayeHa GoeronosKka GannuctTMyeckon pakeTbi 


30 una 1970 roga 8 He6e Hag Eruntom snepsbie c6ut Komnnekcom C-125 
v3paMnbcKui Camonet 


4 oxta6pa 1971 roga Ha BoopyKeHve NpMHAT CaMOXOgHbIN KOMnNeKC “Oca” 
30 mapta 1978 roga — nepsbii nyck paketb! 9M330 


3 man 1978 roga Ha BoopyxkeHue npuHat 3PK C-125M-1 c paketon 5B27f] 


30 Hon6pa 1979 roga ocywectsneH nepsbilt KaTanynbTHbIA CTapT pakeTbi 5B55 


20 anpena 1981 roga npegnpuatue HarpaxkgeHo opfeHom OxTabpecKon 
Pesoniounn 


Anpenb 1981 roga - 8 He6e Hag JInsaHom Bnepsbie COut 3PK “Oca” 
w3paMnbcKUun CamoneT 


20 tbespana 1984 roga cocrosnca nepsbi nyck 3YP 48H6 

19 mapta 1986 roga Ha BoopykeHve npuHaT 3PK “Top” c paketou 9M330 
20 mapta 1986 roga y no6epexba JIusun 3PC C-200 c6uto Tpu 
aMepuKaHCKMX CamoneTa. 


25 centa6pa 1991 roga reHepanbHbim KOHCTpyKTopom MKB “®aken” 
Ha3Ha4eH Bnagumup [puropbesuy Ceetnos 


27 Hon6pa 1991 roma cocroanoct nepsoe ucnbitaHne runep3BykKOBOK 
neTaiouwen nabopatopun “Xonog”, cozpaHHon Ha 6a3e pakeTb 5B28 


February 22, 1967 — The S-200 AD missile system fitted with the 5V21 missile 
designed by the Fakel Engineering Design Bureau was adopted for service 


March 4, 1970 — First launch of the 5V55 missile 


June 9, 1970 — The 5V61 missile, a test range sample of the A-35 ABM 
system, intercepted a ballistic missile warhead in a regular mode 


June 30, 1970 — The first Israeli aircraft was downed by the S-125 system in 
the airspace of Egypt 


October 4, 1971 — The Osa self-propelled system was adopted for service 
March 30, 1978 — First launch of the 9M330 missile 


May 3, 1978 - The S-125M-1 AD missile system fitted with the 5V27D missile 
was adopted for service 


November 30, 1979 - First self-eject launch of the 5V55 missile 


April 20, 1981 — The Fakel Engineering Design Bureau was awarded the Order 
of the October Revolution 


April 1981 — The first Israeli aircraft was downed by the Osa AD missile system 
in the airspace of Lebanon 


February 20, 1984 - First launch of the 48N6 AD missile 


March 19, 1986 — The Tor AD missile system fitted with the 9M330 missile was 
adopted for service 


March 20, 1986 — Three American aircraft were downed by the S-200 AD 
missile system close to the Libyan coast 


September 25, 1991 - Vladimir G. Svetlov was appointed General Designer of 
the Fakel Engineering Design Bureau 


November 27, 1991 - First test of the Kholod hypersonic flying laboratory 
created on the basis of the 5V28 missile 
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Asryct 1992 roa — Ha BbictasKe “Moca3powoy” Bnepsbie noKa3aHbi pakeTb! 
MKB “®aken” 


17 sbespana 1993 roga — Ha BbictasKe IDEX (A6y-fla6u) 80 spema 
noka3zaTenbHbIx CTpenb6 paketamu 48H6E (3PC C-300 MMY1) wu paketamu 
9M330 (3PK “Top”) 6bino c6uTo HeECKONbKO BO3AYWHbIX MuWeHeH 


23 meka6pa 1993 roma — npegnpuatuw npucBoeHo MMA aKagemuka 
Netpa Amutpvesuya [pywuna 


17 dbespana 1995 roga Ha Boopy»keHue npuHata Cuctema MPO Mockosckoro 
NpOMbIWWNeHHOFO paiiona A-135, B COCTaB KOTOpOM BXOAAT PakeTbI, CO3MaHHbIe 
B MKB “®aken” 


10 aprycta 1995 roga B npoyecce ucnbitanni 3PC C-300MMY-2 “Masoput” 
pakeTow 48H6E2 yHuuTonkena Goesan ronoBka TaKTMYeCKON pakeTbi 


Mapt 1999 roga — Ha Bbictaske IDEX (A6y-fja6u) 6bina snepsbie noka3aHa 
paketa 9M96E 


27 mapta 1999 roga B HeGe Hag Wrocnasnet 3PK C-125 c6ut camonert 
F-117A (“Crenc”) 


Asryct 1999 roga — Ha Bbictaske MAKC-99 snepsbie noka3aHa paketa 
5B27E 


30 centa6pa 2002 roga npegnpuatue npeobpa30BaHo B OTKpbITOe 
aKUMOHepHoe ObujecTBO 





Kanengapb namatHbix aat MKB “@aken” — 








August, 1992 — First demonstration of the Fakel Engineering Design Bureau's 
missiles at the Moscow Aero Show 


February 17, 1993 — Several air targets were downed by the 48N6E 
(S-300PMU1 AD missile system) and 9M330 (Tor AD missile system) missiles 
during the demonstration launch at IDEX exhibition in Abu-Dhabi 


December 23, 1993 - The enterprise was named after Academician 
Pyotr D. Grushin 


February 17, 1995 — The A-135 ABM system of the Moscow industrial region 
fitted with missiles designed by the Fakel Engineering Design Bureau was 
adopted for service 


August 10, 1995 — The 48N6E2 missile destroyed a tactical missile warhead 
during the test of the S-300PMU-2 Favorit AD missile system 


March, 1999 — First demonstration of the 9M96E missile at IDEX exhibition in 
Abu-Dhabi 


March 27, 1999 — An F-117A Stealth aircraft was downed by the S-125 AD 
missile system in the airspace of Yugoslavia 


August, 1999 — First demonstration of the 5V27DE missile at MAKS-99 exhibi- 
tion in Moscow 


September 30, 2002 — The enterprise was reorganized into an open joint stock 
company 
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